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PREFACE 



The present volume contains the second portion of the study of variable stars 
in clusters imdertaken by Professor Bailey. The first portion of this work is con- 
tained in Volume 38 of these Annals. A detailed discussion is there given of 128 
variables contained in the cluster o) Centauri. As this affords a means of studying 
the errors of the original measurements, it has not been thought necessary to give 
the observations in detail from which the results contained in the present work are 
derived. 

All of the measurements have been made by Professor Bailey and Miss £. F. 
Leland. 



EDWARD C. PICKERING, 
Director of the Observatory of Harvard College 



Cahbbidge, U.S., May 16, 1913 
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VARIABLE STARS IN THE CLUSTER 

MESSIER 3 



CHAPTER I 



SEQUENCE OF COMPARISON STARS 

An examination of twenty-three dusters was made by the writer at Arequipa 
during the years 1895 to 1897, which led to the discovery of about five himdred 
new variable stars. The results of this examination are given in H.A. 38, page 2. 
The publication of the discussion of the variables in Messier 3 has been delayed for 
several years in order to obtain absolute photographic magnitudes. The adoption 
of standard photographic magnitudes for the North Polar Sequence now permits the 
conclusion of the original investigation. Later, it is hoped, the discussion will be 
brought forward to the present time. 

Messier 3, N. G. C. 5272, is in some respects the most remarkable globular cluster 
which has been investigated. It is a highly condensed, nearly S3anmetrical, cluster. 
From a coimt of the brighter stars made on X6792, out of 1,213 stars in all, 590 
were in the northern half, and 623, in the southern half of the cluster; 621 stars 
were in the preceding half, and 592, in the following half. The visual magnitude 
of the cluster, regarded as a single object, is about 6.0. Its approximate position 
for 1900.0 is 13* 37**.6, +28^53'. Photographs made at Arequipa with the 13-inch 
Boyden Refractor, having an exposure of 2 hours, show from 1,200 to 1,500 stars; 
photographs made on Moimt Hamilton by the late Professor Keeler with the 
36-inch Crossley Reflector, having an exposure of i hour, show about 4,000 stars; 
and a photograph made on Mount Wilson by Mr. Ritchey with the 60-inch Re- 
flector, having an exposure of 4 hours, shows not less than 30,000 stars. These 
quantities include, in all cases, the estimated number of stars in the central portion, 
where, owing to the great density of the cluster, the region is so burned out on the 
plate that the individual stars cannot be distinguished. The extent of this area 
varies with the instrument employed and the length of the exposure. 

A description of the methods used in the discovery and study of cluster variables 
was given in H.A. 38, Chapter I. In the Appendix of the same volume standard 
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Stars are given suitable for the determination of the positions of the comparison 
stars and variables. These stars have also served in part as standards of magni- 
tude. Fiye such stars, designated A, B, C, D, and E, are given in Table XXTV, 
page 238, of H.A. 38. The coordinates of these stars, as well as those of the com- 
parison stars used in the measurement of the brightness of the variables, and those 
of the variables themselves, are given in the same table. Three of the standard 
stars. A, C, and D are foimd in the Bonn Durchmusterung. Their identifications 
and positions are given in Table XXV, page 245, of the same volume. Four 
additional standard stars were selected, which were designated by the letters F, G, 
H, and K. Their coordinates in X are, respectively, +67i".4, +425".5, +395".6, 
and +3i4".o; and in Y, — 349''.7, — 40s''.4, — 2is''.2, and — 163".6. The photometric 
magnitudes of all these stars, A to K, with the exception of £ and K, were 
determined by the Director of the Harvard Observatory with the 12-inch Meridian 
Photometer. The star K, and the comparison stars, a to p, were either too faint 
or too near the centre for measurement with the 12-inch Photometer. Through 
the kind assistance of Mr. J. A. Parkhurst, of the Yerkes Observatory, the mag- 
nitudes of several stars of the sequence, extending the photometric scale to the 
sixteenth magnitude, were determined with the 40-inch Refractor, using the stars 
A to H as standards. All of the above determinations of magnitude are given 
below, in Table I. It seems probable that the scale of the Harvard Photometry 
has thus been extended to these faint stars without serious errors. For the precise 
determination of the magnitudes of the comparison stars, the following methods 
were employed: — 

The magnitudes of the standard and comparison stars were measured in Jime, 
1908, by Miss E. F. Ldand, on six plates, X 6844, X 8563, X 9204, K 3, K 4, and 
K 10. The X plates were made at Arequipa with the 13-inch Boyden Refractor. 
The K plates were made on Moimt Hamilton by the late Professor Keeler with the 
36-inch Crossley Reflector. The dates on which these plates were taken and the 
exposures employed will be foimd in Table VIH, page 12. The images of the 
stars on the X plates were compared with those of Scale P, cut from C 15350, and 
the images on the K plates, with those of Scale M, cut from I 3281 1. The results 
of these measurements are given in Table I, in which the first colimm gives the 
designation of the star, capital letters being employed to indicate the standard stars, 
and small letters to denote the stars of the sequence selected for the determination 
of the magnitudes . of the variables. The second colimm contains the photometric 
magnitudes of the stars, so far as they had been determined. As explained above, 
the magnitudes of the stars A to H were determined with the 12-inch Meridian 
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Photometer at the Harvard Observatory^ and those of the stars a to g, 1 and m, 
with a Rumford Photometer attached to the 40-inch Refractor of the Yerkes Obser- 
vatory. The third to the eighth colimms contain the scale readings of the stars 
on the six plates^ arranged in the order^ X 6844, K 3^ K 4^ X 8563, X 9204, and 
K 10. The quantities in each of these coiiunns were then plotted as ordinates^ 
with the corresponding magnitudes given in the second column as abscissas, and 
smooth curves were drawn through the points thus obtained. The ourves thus 
drawn serve to reduce the scale readings of the stars to the equivalent photometric 
magnitudes, which are given in the ninth to the fourteenth columns. The fifteenth 
column gives the mean magnitudes derived from the preceding six columns, and 
the sixteenth colimm contains the corresponding residuals. To reduce these photo- 
metric magnitudes to photographic magnitudes, a constant correction of +0.45 magn. 
has been applied to the values given in the fifteenth column, and the resulting magni- 



TABLE I 



MAGNITUDES OF COMPARISON STARS. I 



Dm. 


PlMtom. 
Ma«B. 


Srale RcMHngB 


Ihsniladc* 


UetB 


RvidMb 


Photog. 
Magn. 


X6«44 


Ks 


K4 


X<5fi3 


X9S.4 


Kie 


X6844 


K3 


K4 


X8S63 


K9J04 


Kio 


A 


8.49 


I.O 


B 


B 


1.2 


B 


B 


• 

8.20 


• • 


• • 


8.00 


• • 


• • 


8.10 


Iwy . • 1 • • |XC/| . • y • . 


8.55 


C 


10.25 


2.7 


3.6 


2.4 


3.1 


3.0 


3-5 


10.02 


10.20 


10.12 


10.05 


10.28 


10.30 


10.16 


14, 4, 4i^i,i2,i4 


10.61 


D 


9.83 


2.9 


2.7 


2.6 


3-3 


3.0 


2.6 


10.50 


10.52 


10.47 


10.55 


10.28 


10.62 


10.49 


I, 3, 2, 6,21,13 


10.94 


B 


11.67 


3.6 


3-3 


3-3 


3-7 


3-5 


3-1 


1 1. 45 


11.50 


11.38 


11.40 


".33 


11.38 


II.41 


4, 9> J» If S, 3 


11.86 


F 


12.04 


4.4 


4.0 


4a 


4.4 


4.3 


3-9 


12.17 


12.20 


12.16 


I3.I8 


12.18 


12.08 


12.16 


I, 4, 0, 2, 2, 8 


12.61 


G 


12.73 


4.7 


4.1 


4.4 


4.6 


4.6 


4.1 


12.42 


12.27 


12.30 


".37 


12.43 


12.24 


12.34 


8, 7y 4i 3» 9>J0 


12.79 


H 


13-01 


5.8 


6.1 


6.3 


55 


5-5 


5-7 


13.13 


13.52 


13.52 


13.05 


13.04 


13.14 


13.23 


io,2g,2g,i8,ig, 9 


13.68 


K 


• • 


6.4 


6.5 


6.7 


5-9 


5.9 


6-3 


13.52 


13.88 


13.82 


13.35 


13.33 


13.64 


13.59 


7,29,23,24,2(5, s 


14.04 


a 


I3-4S 


6.0 


5-3 


S-5 


5-5 


5-4 


5-4 


13.27 


12.97 


13.02 


13.04 


13.00 


12.95 


13.04 


23> 7» ^» 0, 4, 9 


13.49 


b 


12.90 


6.1 


5-5 


5-5 


5-5 


5-3 


5-6 


13.39 


13." 


13.02 


13.04 


12.94 


13.08 


13.10 


29, I, «, (5,7(5, 2 


13.SS 


c 


13.46 


6.S 


6.1 


6.2 


6.0 


6.1 


6.1 


13.60 


13.52 


13.46 


13.40 


13.47 


13.45 


13.48 


12, 4, 2, «, I, 3 


13.93 


d 


I3-S5 


6.7 


6.2 


6.5 


6.3 


6-3 


6.3 


13.75 


13.60 


13.66 


13-65 


13.63 


13.65 


13.66 


9i 6, 0, I, J, I 


14.11 


e 


14. IS 


71 


6.7 


7.0 


6.5 


6.7 


6.7 


14.21 


14.13 


14.15 


13.89 


14.09 


14.09 


14.09 


12, 4, 6,20, 0, 


14.54 


f 


14.62 


7-5 


7.2 


7-3 


6.9 


7.1 


7.0 


14.79 


14.71 


14.55 


U-35 


14.64 


14.50 


14.59 


20,12, 4,24, s, 9 


15.04 


g 


14.72 


7-7 


7-3 


7-5 


7.2 


7.3 


7.2 


14.83 


14.83 


14.81 


14.76 


14.90 


14.77 


14.82 


I, I, I, (5, 8, 5 


15.27 


h 


• • 


8.0 


7-7 


7-7 


7-5 


7.5 


7-5 


15.18 


15.32 


15.05 


15.14 


15.15 


15.16 


15.17 


i,i5>J^i 3y ^1 J 


15.62 


k 


• • 


8.3 


7-9 


8.0 


7.8 


7.7 


7.6 


15.43 


15.56 


15.44 


15-53 


15.45 


15.30 


15.45 


2,11, I, 8, 0,15 


15.90 


1 


15-77 


8.S 


8.1 


8.2 


8.0 


7-9 


7.9 


15.78 


15.80 


15.69 


15-81 


15.69 


15.70 


15.74 


4, 6, 5, 7, 5, 4 


16.19 


m 


16.08 


8.7 


8.3 


8.5 


8.2 


8.3 


8.2 


16.02 


16.02 


16.08 


16.07 


16.10 


16.10 


16.06 


4, 4, 2, I, 4, 4 


16.51 


n 


• • 


8.9 


8-5 


8.9 


8.5 


8.6 


8.5 


16.27 


16.27 


16.60 


16.46 


16.63 


16.52 


16.46 


19,19,14, 0,17, 6 


16.91 





• • 


9.2 


8.8 


9-5 


8.9 


8.9 


8.7 


16.63 


16.63 


17.35 


16.98 


17.06 


16.78 


16.90 


^7>27>4S, 8,16,12 


17.35 


P 


• • 


9-7 


9-5 


9-7 


9.3 


9.5 


9-3 


17.23 


17.49 


17.63 


17-48 


17.70 


17.55 


17.51 


2«, 2,12, J,I9, 4 


17.96 
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tudes are given in the last column. The reasons for appljong this correction are 
stated below in connection with Table II. 

The photographic magnitudes of a sequence of stars near the North Pole have 
been determined at the Harvard Observatory with great care, as described in H.C. 
170. The scale of magnitudes of this primary sequence can be transferred to other 
parts of the sky by means of duplicate exposures, of the same duration and at equal 
altitudes, on the same plate. One exposure is on the North Pole, and the other, on 
any desired region. Plates MC 455 and 460, made at Cambridge with the 16-inch 
Metcalf Telescope on July 4 and 5, 1910, are of this description. Each plate had 
an exposiure of precisely 30** on the North Pole, and also an equal exposure <m 
Messier 3, when the cluster was at the altitude of the Pole. The Standard North 
Polar Sequence and the stars near Messier 3 whose magnitudes are desired are 
thus foimd on the same plate for piuposes of comparison. In this case, therefore, 
no scale was used by Miss Leland, but direct estimates of the absolute photo- 
graphic magnitudes were made. The results of these measurements are given in 
Table U. The first column gives the designation of the star. Stars fainter than 
e were not sxifficiently well shown for measurement. The second colimm gives the 
photographic magnitudes as derived from MC 455, and the third column, those 
derived from MC460. The fourth column contains the means expressed to hxm- 
dredths, and the fifth colimm, the corresponding residuals expressed in tenths of a 
magnitude. The sixth column contains the photometric magnitudes of the stars, 
repeated from Table I. The seventh colimm gives the differences obtained by 
subtracting the photometric from the photogn^hic magnitudes. This difference 
is always positive, and its mean value for the stars in question is +0.45 magn. 



TABLE n 



MAGNITUDES OF COMPARISON STARS. U 



Dcs. 


MC4S$ 


MC4te 


Meaa 


Res. 


Pholoin. 
Magn. 


Diff. 


Det. 


MC455 


MC460 


Mean 
Magn. 


Km. 


Photom. 
Magn. 


Diff. 


A 


• • 


• • 


a « 


• • 


8.49 


• • 


K 


14.3 


14.3 


14.30 


0,0 


• • 


* • 


C 


lo-s 


lo.s 


10.50 


0,0 


10.25 


+.25 


a 


13.7 


13.8 


I3-7S 


1,0 


13.45 


+•30 


D 


lo.s 


10.6 


IO.SS 


/,o 


9.83 


+.72 


b 


13-2 


13-6 


13.40 


2,2 


12.90 


+.50 


B 


11.8 


12.0 


11.90 


1,1 


11.67 


+.23 


c 


14.1 


14-3 


14.20 


1,1 


13.46 


+.74 


F 


"•S 


"•S 


12.50 


0|0 


12.04 


+.46 


d 


14-1 


14-5 


14.30 


2,2 


I3.SS 


+.75 


G 


12.9 


12.9 


12.90 


0,0 


"•73 


+.17 


e 


14.4 


. • 


14.40 


. . 


I4.IS 


+.aS 


H 


I3-S 


13-7 


13-60 


hi 


13-01 


+-59 
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It was, therefore, assumed that to correct the magnitudes of the fifth column of 
Table I, which are on the photometric scale, to the photographic scale, a correction of 
+0.45 magn. must be applied. This result for the stars of Messier 3 is confirmed 
by a consideration of the class of spectrum of the cluster. From photographs 
obtained with the 60-inch Reflector on Moimt Wilson, Dr. £. A. Fath foimd the 
spectrum to be of Gass F. In H.A. 59, No. 6, Mr. E. S. King has given a table of 
corrections that may be used to convert photometric into photographic magnitudes, 
according to the class of spectrum. The two scales of magnitudes are made to 
coincide for Class A. The correction for Class F is +0.30, and for Class G is 
+0.72. The correction for F 5 is +0.42. Though the photographs do not permit 
a precise classification, this result appears to be in harmony with the correction 
applied in Table I. 

TABLE III 

MAGNITUDES OF COMPARISON STARS. HI 













Corrected 










Dm. 


MC44J 


HCtA.\ 


MC447 








\A§^nA 


1lMU/1tlAl« 


Magnitudes 


^^^9% 


*■« 44* 


MC447 


MC443 


MC447 


Vm^mMMM 




A 


I.I 


1.8 


0.9 


0.0 


0.0 


0.0 


0.00 


• 1 • • • 


8.87 


C 


4.0 


4.9 


3-9 


2.9 


3-1 


3.0 


3-00 


I, I, 


10.68 


D 


4.0 


4.6 


3-8 


2.9 


2.8 


2.9 


2.87 


0, I, 


10.48 


B 


S» 


6.3 


S-i 


4.1 


4.4 


4.2 


4.23 


ly 2, 


II.9I 


F 


6.0 


7.0 


6.0 


4.9 


5.2 


5-1 


S-07 


2y I, 


12.49 


G 


6.5 


7-4 


6.7 


5-4 


5-6 


5-8 


5.60 


2, 0, 2 


12.90 


H 


7-4 


8.2 


7-3 


6-3 


6.4 


6.4 


6.37 


I, 0, 


13-56 


K 


8.1 


8.7 


8.1 


7.0 


6.9 


7.2 


7-03 


0, I, 2 


14.17 


a 


75 


8. a 


7-5 


6.4 


6.4 


6.6 


6.47 


I, I, I 


13-65 


b 


7-3 


8.1 


7-5 


6.2 


6.3 


6.6 


6.37 


2, I, 2 


13-56 


c 


7-9 


8.7 


8.0 


6.8 


6.9 


7.1 


6.93 


I, 0, 2 


14.06 


d 


8.1 


8.9 


8.1 


7.0 


7-1 


7.2 


7.10 


If 0, I 


14-23 


e 


8.3 


9.2 


8.5 


7.2 


7.4 


7.6 


7.40 


2, 0, 2 


14-50 


f 


8.7 


9.7 


8.7 


7.6 


7.9 


7.8 


7-77 


2y I, 


14.89 


g 


9.0 


9.9 


8.9 


7.9 


8.1 


8.0 


8.00 


I, I, 


15-14 


h 


9.7 


• • 


9.5 


8.6 


i . 


8.6 


8.60 


0, ., 


15.80 


k 


9-9 


• • 


9.8 


8.8 


• • 


8.9 


8.8s 


0, ., I 


16.04 


1 


10.0 


• • 


9.9 


8.9 


• • 


9.0 


8.9s 


I, ., 


16.16 



The standard and comparison stars were also measured on two MC plates of 
60*" exposure, which show fainter stars than the plates of duplicate exposure dis- 
cussed in Table II. These plates had no exposure on the Pole and were measured 
with scale M. The results of these measurements are given in Table III. The 
first column gives the designation of the stars. The second colunm contains the 
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scale readings on MC 447, and the third column, the corresponding values on MC 
443. Plate MC443 was made on Jime 28, 1910, and MC447y on Jime 29, 1910. 
The fourth column contains a second determination of the scale readings on MC447. 
For convenience in taking the means, since the second series is incomplete, the 
quantities in the second, third, and fourth coliunns have been reduced by i.i, 1.8, 
and 0.9, respectively, and the results are given in the fifth, sixth, and seventh 
coliunns. The means are given in the eighth coliunn, and the corresponding resid- 
uals in the ninth coliunn. These means were then plotted as ordinates, with the 
corresponding photographic magnitudes given in Table II as abscissas, and a smooth 

TABLE TV 



MAGNITUDES OF COMPARISON STARS. IV 



Dm. 


A835S 


ASjn 


A 8358 


ASsn 


Means 


ReaklaAls 


Photog. Magn* 


Photog. Magn* 


I 


1.6 


1.7 


1.6 


1-7 


1.6$ 


I, 0, 1, 


7.77 


8.20 


a 


2.6 


2.7 


2.7 


2.8 


2.70 


I, 0, 0, I 


9.26 


9.40 


3 


30 


2.9 


2.9 


2.9 


2.93 


1,0,0,0 


9.88 


9.68 


4 


3-0 


3-2 


3.0 


3.0 


3-oS 


I, 2, I, I 


10.19 


9.78 


S 


3.8 


2.9 


2.9 


2.9 


2.88 


I, 0, 0, 


9.78 


9.60 


6 


3.1 


2.9 


3-1 


2.9 


3-00 


1,1, 1,1 


10.14 


9-73 


7 


30 


3-3 


3.3 


3.a 


3.20 


2, I, 1,0 


10.26 


9-95 


8 


3.6 


a-S 


2.5 


3.6 


^'SS 


1,0,0,1 


8.87 


9.24 


9 


3-4 


3-5 


3.4 


3-3 


3-40 


0, 1,0,1 


10.17 


10.18 


10 


35 


3.5 


3.7 


3.7 


3-6o 


1,1,1,1 


10.47 


10.40 


a 


3-9 


4.0 


4.0 


4.1 


4.00 


I, 0, 0, I 


11.49 


10.86 





4.8 


4.9 


4.9 


4.9 


4.88 


I, 0, 0, 


12.16 


11.85 


y 


5.8 


6.0 


5-9 


5.8 


S.88 


1,1,0,1 


1308 


12.98 


c 


6.4 


6.4 


6.4 


6.5 


6.42 


0, 0, 0, I 


13.02 


1362 


a 


6.1 


5.7 


6.2 


5.8 


S-9S 


I>J>2>^ 


• • 


13.09 


b 


6.9 


6.3 


6.8 


6.3 


6.58 


3, 3f 2, 3 


• 1 




13.80 


c 


6.8 


6.3 


6.8 


6.2 


6.52 


3f^y3f3 


• 




13.68 


d 


7.2 


6.7 


7.2 


6.6 


6.92 


3'2,3,3 


• ■ 




14.13 


e 


7.2 


6.8 


7.3 


6.9 


7-oS 


2,2,3,1 


• 4 




14.25 


f 


7.6 


7-3 


7.7 


7-3 


7.48 


1,2,2,2 


• 1 




14.81 


g 


8.1 


7.8 


8.1 


7.6 


7.90 


2, J, 2, J 


• 1 




15.27 


h 


8.4 


8.1 


8.S 


8.0 


8.2s 


2,I,3i^ 


• 1 




15.60 


k 


8.9 


8.5 


9.0 


8.3 


8.68 


2, 2, 3, 4 


• 4 




16.17 


1 


• • 


8.7 


• • 


8.6 


8.88 


,2,. ,3 


• 




16.40 


m 


9.2 


8.9 


9.3 


8.8 


90s 


2, I,3i^ 


• 




16.50 


n 


9.3 


9.1 


9.5 


9.0 


9.20 


0, 1, 3» ^ 


• 




16.72 





9.5 


9.3 


9.5 


9.2 


9.38 


1,1, 1,2 


• 




16.96 


P 


10.0 


95 


9.9 


9.5 


9.72 


3,2,2,2 


• 
• 




17.30 
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curve was drawn through the points thus obtained. This curve, sufficiently extended 
to cover all the scale readings contained in Table III, was th^n read, and the 
results are given in the last column. 

Two plates of Messier 3, having duplicate exposxures, were made at Arequipa 
with the 24-inch Bruce Telescope. These plates were A 8327, made on May 31, 
1907, and A 8358, made on Jime 28, 1907. Each plate had an exposxure of 30** 
on Messier 3, and an equal exposure on the secondary standard region at 17^, 
+ 15*^. In this region photographic magnitudes of 14 stars denoted by the numbers 
I to 10, and a, j8, 7, €, had been determined by the Director, by comparison with 
the Polar Sequence on plates of duplicate exposiure. These stars and the standard 
and comparison stars of Messier 3 were measured on A 8327 and A 8358 by 
comparison with Scale P. The results are contained in Table IV, in which the 
first column gives the designation, and the second and third colmnns, the scale 
readings on X83S8 and X8327, respectively. The fourth and fifth colmnns contain 
the results of remeasurements of the same plates. The means of the four measures 
are given in the sixth colimm, and the corresponding residuals, in the seventh 
column. The photographic magnitudes of the secondary standard stars at 17^, 
+ 15*^, are given in the eighth colmnn. A smooth curve was drawn as in previous 
cases, and the resulting magnitudes are given in the ninth colmnn. 



TABLE V 



MAGNrrUDES OF COMPARISON STARS. V 



Dm. 


L 
X9ao4 


L 
Kio 


B 

K8 


B 
Kxo 


Mcus 


Reaiduab 


Sums 


Magnitudes 


a 


I 


I 


• 


• 


I.O 


0, 0, ., . 


0.0 


13-49 


b 


4 


3 


• 


• 


35 


0, I, ., . 


1.0 


13-61 


c 


3 


3 


2 


2 


2-5 


I, I, 0, 


45 


14.03 


d 


5 


4 


4 


2 


3.8 


I, 0, 0, 2 


7.0 


14.33 


e 


4 


3 


3 


3 


3.2 


I, 0, 0, 


10.8 


14.81 


f 


3 


3 


2 


I 


2.2 


I, I, 0, I 


14.0 


15.18 


g 


4 


3 


2 


2 


2.8 


I, 0, I, I 


16.2 


iS-44 


h 


I 


2 


I 





1.0 


0, I, 0, I 


19.0 


15.79 


k 


3 


2 


3 


2 


2.2 


0, 0, I, 


20.0 


15.91 


1 


3 


3 


2 


2 


2.5 


I, I, 0, 


22.2 


16.17 


m 


5 


3 


2 


I 


2.8 


2, 0, I, 2 


24.7 


16.47 


n 


3 


2 


3 


3 


2.8 


0, I, 0, 


27s 


16.82 





4 


s 


• 


3 


4.0 


0, I, ., I 


30-3 


17.14 


P 


• 


• 


• 


• 


• • 


. • 


34.3 


17.63 
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The intervals in grades between the successive stars in the sequence for the 
variables in Messier 3 were estimated on X 9204 and K 10 by Miss Leland, and 
on K 8 and K 10 by the writer. The date, exposure, and quality of these plates 
can be foimd in Table VIII, page 12. The results of the estimates are given in 
Table V, where the first column contains the designation. The second and third 
coliunns give the estimated intervals in brightness between successive stars, by 
Miss Leland, denoted by L, and the fourth and fifth columns, the estimates by 
the writer, denoted by B. The estimated interval is placed in the same line 
as the brighter of the two stars compared. The sixth colimm contains the means, 
and the seventh colmnn, the corresponding residuals. The sums are given in the 
eighth column, and the magnitudes obtained by plotting the sums as ordinates, 
and the means of the magnitudes taken from the preceding four tables as abscissas, 
are given in the ninth column. These results, therefore, serve simply to correct the 
intervals between the stars of the sequence. 

A summary of the results obtained by these more or less independent methods, 
and the magnitudes adopted as final for the stars of the sequence, a to p, are 
given in Table VI. The first column contains the designation, and the second, 
third, fourth, fifth, and sixth colmnns, the magnitudes obtained in Tables I to V. 
The different determinations may be briefly summarized as follows: — I. Magnitudes 
derived from scale measures on X and K plates, reduced to the scale of the photo- 
metric magnitudes determined by the 12-inch and 40-inch photometers, and later 
reduced to photographic magnitudes by a constant correction. 11. Absolute photo- 
graphic magnitudes, obtained by direct comparison, on MC plates of duplicate 
exposiure, with the Polar Sequence. III. Magnitudes derived from scale readings on 
MC plates, reduced to the scale of magnitudes of the Polar Sequence. IV. Photo- 
graphic magnitudes derived from scale measiu*es of secondary standard stars at 
17*, +iS°> on A plates of duplicate exposiu-e. The scale of magnitudes depends 
indirectly on that of the Polar sequence. V. Mean estimates of the steps of the 
sequence reduced to the scale of magnitudes of Tables I to IV. The simple means 
of these five determinations have been accepted as the final magnitudes of the stars 
of the sequence in Messier 3, and they are given in the seventh colimm. The 
corresponding residuals are given in the last column. The star b of the sequence is 
probably a variable of very small range. Owing to the large number of variables 
in the cluster, much care was necessary in the selection of a sequence of com- 
parison stars, and, so far as known, no other star of the sequence shows any evi- 
dence of variability. The variability of b was not suspected at first, but the various 
photometric and photographic determinations of its magnitude show discordances 
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which indicate that its light is not constant. It was accordingly treated as a 
variable and measured on 25 plates. From these measures it appears that b has a 
range of variation of not more than two or three tenths of a magnitude. With 
the exception of a single comparison of No. 4, No. 95 was the only star whose light 
had been compared with that of b, since no other variable at maximum equals b 
in brightness. All comparisons involving b were rejected, and new measures were 
made, using comparison stars whose light was believed to be invariable. 



TABLE VI 



MAGNITUDES OF COMPARISON STARS. VI 



Dm. 


I 


n 


in 


IV 


V 


Final liagn. 


Rcdduab 


a 


1349 


13-75 


' 13.65 


13.12 


13.49 


13.50 


J, 25>I5>J*> I 


b 


I3-SS 


13.40 


13.56 


13.80 


13.61 


13.58 


3,18, 2,22y 3 


c 


13-93 


14.20 


14.06 


13.68 


14.03 


13.98 


5,22, 8, JO, 5 


d 


14.11 


14.30 


14.23 


14.13 


14.33 


14.22 


11, 8, I, p, II 


e 


1454 


14.40 


14.50 


14.25 


14.81 


14.50 


4,10, 0,25,31 


f 


15.04 


• • 


14.89 


14.81 


15.18 


14.98 


6,. 


., 9, t7y 20 


g 


15-27 


• * 




15.14 


15.27 


15.44 


15.28 


J, . 


,,14, 1,16 


h 


iS-62 


• 4 




15.80 


15.60 


15.79 


15.70 


^, . 


. , 10, 10, 9 


k 


15.90 


• t 




16.04 


16.17 


15.91 


16.00 


10, . 


., 4, I7» 9 


1 


16.19 


• 1 




16.16 


16.40 


16.17 


16.23 


4, • 


., 7,17, (^ 


m 


16.51 


• ■ 




• • 


16.50 


16.47 


16.49 


2, . 


., .., I, 2 


n 


16.91 


• i 




• • 


16.72 


16.82 


16.82 


9, . 


.f . ,, 10, 





17.3s 


m I 




• • 


16.96 


17.14 


17.15 


20, . 


., ,.,19, I 


P 


17.96 


• « 




• • 


17.30 


17.63 


17.63 


33, . 


., "f33f 



In Annales de TObservatoire de Paris, Volume XXV, page F i, M. H. von Zdpel 
has given a determination of the precise positions of 1,571 stars in Messier 3. 
The stars whose positions were thus determined from photographic plates lie in a 
circle whose radius is 40', having the cluster at the centre. Von Zeipel measured 
the coordinates of these stars on three plates, but in his Catalogue he has given 
their positions in right ascension and declination for the epoch 1900.0. Table VII 
gives, for the standard and sequence stars of this cluster, as well as for the variables, 
the corresponding numbers in the Catalogue of von Zeipel. The first column 
contains the Harvard designation, indicated by H, and the second column, the 
corresponding number of the star in the Catalogue of von Zeipel, indicated by Z. 



lO 
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The positions of the Comparison stars, o and p, and of the variables 17 and 
103 were not determined by von Zeipel, apparently owing to their faintness. Asterisks 
were used to designate the variables, but in the case of Nos. 3 and 75, they were 
omitted. 

TABLE vn 



IDENTIFICATION OF STANDARD, COMPARISON, AND VARIABLE STARS, IN THE CATALOGUE OF 

VON ZEIPEL 



H 


z 


H 


z 


H 


z 


H 


z 


H 


z 


H 


z 


H 


z 


H 


z 


A 


1343 


P 


• • 


30 


1380 


40 


234 


60 


333 


80 


1400 


100 


II22 


120 


223 


B 


1437 


I 


76s 


31 


1386 


41 


407 


61 


1321 


81 


1384 


lOI 


1048 


121 


561 


C 
D 


1346 
306 


2 


894 


32 


1320 


42 


445 


63 


1187 


82 


391 


102 


1090 


122 


608 


E 


174 


3 


1073 


23 


374 


43 


1207 


63 


999 


83 


181 


103 


• • 


123 


244 


F 


1446 


4 


5S9 


24 


328 


44 


1307 


64 


1234 


84 


iios 


104 


650 


124 


479 


G 
H 


1403 
1397 


s 


I3S7 


^S 


362 


45 


353 


65 


1250 


85 


1373 


los 


679 


I2S 


1317 


K 


1376 


6 


361 


36 


296 


46 


355 


66 


396 


86 


1422 


106 


541 


126 


700 


a 


740 


7 


775 


27 


379 


47 


366 


67 


351 


87 


1222 


107 


455 


127 


1 198 


b 


238 


8 


437 


38 


656 


48 


1253 


68 


922 


88 


597 


108 


264 


128 


1231 


c 


640 


9 


226 


29 


486 


49 


1368 


69 


1164 


89 


948 


109 


416 


129 


560 


d 


263 


10 


1 391 


30 


S93 


5° 


840 


70 


1003 


90 


1 201 


no 


397 


130 


818 


e 


250 


II 


321 


31 


983 


SI 


965 


71 


1298 


91 


713 


III 


409 


131 


459 


f 


218 


13 


776 


32 


867 


52 


451 


73 


1409 


92 


623 


112 


333 


132 


524 


g 


227 


13 


644 


33 


II36 


53 ■ 


759 


73 


1406 


93 


214 


"3 


1328 


133 


503 


h 


258 


14 


S3 7 


34 


1265 


54 


616 


74 


1181 


94 


173 


114 


873 


134 


669 


k 


609 


IS 


411 


3S 


384 


55 


378 


75 


1057 


95 


318 


"S 


I4IO 


13s 


636 


1 


1131 


16 


331 


36 


1308 


56 


338 


76 


710 


96 


30s 


116 


170 


136 


643 


m 


loss 


17 


• • 


37 


2S3 


57 


1393 


77 


404 


97 


3S3 


117 


1 184 


137 


1073 


n 


1327 


18 


I203 


38 


279 


58 


425 


78 


1051 


98 


1 259 


118 


1277 


* • 


• • 





• • 


19 


1388 


39 


249 


59 


378 


79 


1041 


99 


1330 


119 


I3S3 


• ■ 


• • 



CHAPTER n 



OBSERVATIONS OF THE VARIABLES 



The vaxiables in Messier 3 were first meastired on 50 plates, which were selected 
from all the available material for their superior quality, except that a few of 
inferior quality were included, when they occurred on especially desirable dates. 
The measures of the variables on these plates are given in Table IX. The magni- 
tudes were also determined on 40 additional plates, but in general only when the 
variables were near maximum, and the results are given in Table X. These 90 
plates belong to three series, designated by the letters A, K, and X. The A plates 
were made with the 24-inch Bruce Telescope at Arequipa, the K plates, with the 
36-inch Crossley Reflector on Moimt Hamilton, and the X plates, with the 13-inch 
Boyden Telescope at Arequipa. The K plates are especially valuable, not only on 
accoimt of their high quality, but also on accoimt of the shortness of the exposiure, 
which permits an acciu^te determination of the light curve during the extremely 
rapid changes immediately preceding the maximum. Striking examples of this are 
shown in the case of Variable No. 6, page 16, No. 22, page 19, No. 72, page 27, 
and others. In order to show the faintest variables, when their light was at mini- 
mum, an exposure of about 100 minutes was required with the 13-inch Boyden 
Telescope, and an exposure of 30 minutes, or more, with the 24-inch Bruce Tele- 
scope; but an exposure of only 10 minutes was suflScient, with the 36-inch Crossley 
Reflector. The cluster, owing to its northern declination, was not well placed for 
observation at Arequipa. A description of all the plates is given in Table VIII, in 
which the first colimm contains the series and number of the plate, and the second 
column, the date on which it was made. The third column contains the Julian 
'ijJuArtAj^AASiH^ /Day and thousandths, following Greenwich Mean Noon, o f the middle of the ex^ 

posure. The fourth colmnn gives the length of the exposiure, expressed in minutes. 
The fifth column gives the means of independent estimates, by the two observers, 
of the quality of the plate. This is expressed on a scale of i to 5, where i is 
worthless, 2 very poor, 3 fair, 4 good, and 5 perfect. 

The measiurements of bri^tness of the variables were made by Miss Leland and 
the writer. They were compared in all cases with the stars of the sequence, a to 
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p, given in Table VI, Chapter I. The image of the variable was compared, in 
general, with those of a brighter and a fainter star, and the intervals were esti- 
mated in grades. In some cases, when the image of the variable appeared to 
be precisely equal to that of one of the comparison stars, an additional measure 
was thus obtained. In other cases, only the comparison of equality was made. 
These estimates were reduced by assuming that the grade equals a tenth of a 
magnitude. This is approximately true, and in any case, since a determination of 
magnitude depends either upon an equality of images or else upon comparisons 
with a brighter and a fainter star, any error in this assimiption will affect the 
result slightly, if at all. In Tables IK and X these estimates in grades have not 
been included, but only the resulting magnitudes. 



i 



TABLE Vra 
DESCRIPTION OF PLATES 



Phte 


Dtkte 


J.D. 


Ex. 


Quality 


PUte 


Date 


J.D. 


Ex. 


Quality 




jr. m. 


d. 


d. 


m. 






»• «• 


d. 


i. 


m. 




X 6792 


95 6 


27 


3372.527 


100 


4 


A 1780 


96 5 


14 


3694.533 


50 


2.5 


X682O 


" 1 


2 


3377517 


90 


3.5 


A 1783 


t( it 


it 


" .655 


60 


2.5 


X6828 




3 


3378.520 


90 


3 


A 1830 


" 6 


10 


3721.510 


66 


2.5 


X6837 




5 


3380.551 


75 


3 


A 1832 


(( it 


it 


" .641 


64 


2.5 


X6844 




8 


3383.513 


100 


4 


A 1838 


it tt 


13 


3724.507 


65 


4 


X68S4 




9 


3384.514 


90 


3.5 


A 1840 


ti it 


it 


" .664 


70 


3 


X6872 




II 


3386.535 


107 


3 


X7654 


" 7 


6 


3747.564 


121 


3 


X6875 




14 


3389545 


90 


3 


'^X8444 


97 4 


21 


4036.515 


152 


3-5 


X6876 




IS 


3390.524 


no 


3 


•^ X 8563 


" 5 


22 


4067.5I0 


"5 


4.5 


X 6909 




20 


3395.513 


120 


3 


X8584 




26 


4071.577 


"5 


4.5 


X6916 




22 


3397.535 


183 


2-5 


X8597 


*• > •• 


28 


4073.585 


128 


4 


X 6918 




23 


3398.510 


120 


25 


-^8605 




29 


4074.589 


"5 


3 


X6923 




24 


3399.520 


150 


3-5 


X8611 




I 


4077.492 


121 


5 


X6925 




25 


3400.521 


120 


3 


X8612 




it 


" .5^1 


120 ' 


4 


X6980 


" 8 


6 


3412.504 


80 


2.5 


X8618 




2v 


4078.4^ 


120 ' 


4 


X 6990 


It ii 


7 


3413.503 


100 


3 


X8619 




it 


" .579 


120 


3 


A 1751 


96 4 


14 


3664.674 


75 


3 


X8624 




3 


4079.493 


120 ' 


4 


X7482 


" s 


II 


3691.533 


120 


3 


X8625 




it 


" .579 


121 


4 


X7483 




« 


" .643 


122 


3 


X8631 




4 


4080.486 


120' 


3.5 


X 7488 




12 


3692.540 


127 


3 


X8632 




it 


" .570 


123 


3 


X7489 




(( 


" .651 


"5 


2.5 


X8650 




8 


4084.540 


105 


4 


A 1774 




13 


3693.525 


55 


2.5 


X86S5 




9 


4o85.4$7 


90 


3.5 


A 1775 




« 


" .568 


55 


3 


X8656 




ti 


" .5fi 


92 


3 


A 1776 




« 


" .611 


55 


2.5 


X8779 


" 8 


3' 


4140.478 


103 


3 


A 1777 




<< 


" .654 


55 


2.5 


X9158 


98 S 


27 


4437.550 


120 


4 



fij^^ 
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PbU 


Date 


J.D. 


Ex. 


QuaU^ 


Plate 


Dite 


J.D. 


Ex. 


Quality 




y- 


m. 


i. 


i. 


m. 








y. m. d. 


d. 


M. 




X9166 


98 


s 


28 


4438541 


120 


3 


K 


6 


00 5 20 


5160.822 


10 


4 


X 9204 


ii 


6 


IS 


4456.502 


70 


4.5 


K 


7 




" .830 


10 


3 


X 9205 


ti 


« 


(( 


" 575 


90 


3-5 


K 


8 




" .843 


10 


2.S 


X9SS8 


99 


6 


I 


4807.613 


120 


3-5 


K 


9 




" .853 


10 


3 


A 3672 


u 


7 


3 


4839.480 


55 


3-5 


K 


10 


" " 21 


5161.713 


10 


S 


A 3673 


it 




a 


" .521 


55 


3 


K 


II 




" .722 


10 


4 


A 3674 


ii 




ii 


" -563 


55 


3 


K 


12 


. _ - - - - 


" -735 


10 


45 


A 3675 


a 




a 


" .604 


55 


3 


K 


13 




" .744 


10 


45 


A 3677 


ii 




4 


4840.523 


60 


3-5 


K 


14 




" .756 


10 


S 


A 3678 


ii 




5 


4841.472 


40 


3 


K 


15 




" .764 


10 


S 


A 3679 


ii 




ii 


" .503 


40 


3 


K 


16 




" -777 


10 


s 


A 3680 


ii 




ii 


" -537 


41 


3 


K 


17 


t€ i€ ii 


" .786 


10 


4 


A 3681 


a 




ii 


" -571 


40 


3 


K 


18 




" .799 


10 


4 


A 3682 


ii 




ii 


" .603 


40 


3 


K 


19 




" .808 


10 


4 


A 3684 


ii 




6 


4842.489 


30 


3 


K 


20 




" .820 


10 


4 


K I 


00 




20 


5160.741 


60 


S 


K 


21 




" .828 


10 


4 


K 2 


ii 




« 


" -779 


10 


5 


K 


22 




" .840 


10 


S 


K 3 


ii 




« 


" .788 


10 


5 


K 


23 




" .850 


10 


4 


K 4 


ii 




« 


" .800 


10 


4 


K 


24 




" .864 


10 


4.5 


K S 


ii 




« 


" .809 


10 


4 


K 


as 




" .873 


10 


45 



Table IX contains the measures of the variaUes on the 50 selected plates referred 
to above. The Julian Date of the observation, taken from Table VIII, is given in 
the first column on each page and applies equally to the corresponding observations 
of all the variables given on the same page. For each variable three columns 
are used. The first colimm contains the magnitude. The magnitude has been ex- 
pressed only to tenths when the variable was near the limit of visibility and 
hence the comparison was doubtful. Italics denote that the variable was fainter 
than the magnitude expressed. This occurs when the variable was invisible. It 
is then said to be fainter, by one or two grades, than the faintest comparison 
star which is distinctly seen, and in this case also the magnitude is expressed only 
to tenths. Four dots in this colimm indicate that the comparison was impossible. 
Since Messier 3 is an extremely condensed cluster and many of the variables lie 
somewhat near the centre, precise determinations of magnitude are often difficult. 
The second column contains the phase, or time elapsed since the preceding com- 
puted maximum. The formula by which these quantities are derived will be foimd 
in Chapter III. The third column contains the residuals, expressed in himdredths 
of a magnitude, between the individual magnitudes and the smooth curve drawn 
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through all the measures used in the determmation of the period. The residuals, 
when positive, denote that the measured magnitude is fainter, and when negative, 
that it is brighter, than is indicated by the light curve as determined. Negative 
residuals are indicated by Italics. The columns giving the phase and residuals are 
left blank when no satisfactory period was found. When the residual was 0.40, 
or greater, the star has been remeasured, and the results are given in Table XI. 
When the remeasiure gave a value diflfering by 0.40 from the original measxure, the 
photograph was independently examined a third time in order to decide which obser- 
vation was in error. When the original measure was incorrect, the corresponding 
residual has been replaced by the . letter r, and the corrected magnitude and residual 
may be foimd in Table XI. 

In all cases, the phases have been computed on the assumption that the 
period of the variable is perfectly uniform. In a few cases, a secular variation in 
the length of the period is indicated by the observations. This variation in many 
stars has the appearance of an oscillation in the diuration of the period, which may 
be represented by a sine term in the formula for the retiun of maximum. The 
simple formula has been used in all cases for the determination of the phases given 
in Table IX, but when the addition of a sine term seems desirable, it is indicated 
by the letter r in the Table of the Elements of the Variables, page 61, and 
further details will be found in the remarks following that table. For a fuller 
discussion of the secular variations) see page 55. 



TABLE IX 



OBSERVATIONS OF THE VARIABLES 




i6 



ANNALS OP HARVASD COLLEGE OBSERVATORY 



J.D. 



No. I. Per. o^.5ao6s 



Magn. 



Phase 



Res. 



No. 3. Per. not det'd. 



Magn. 



Phase 



Res. 



No. 3. Per. o.'s59o6 



Magn. 



Phase 



Res. 



No. 4. Per. not det'd. 



Magn. 



Phase 



Kes. 



No. s. Per. ©'.50587 



Magn. 



Phase 



Res. 



No. 6. Per. 0^.5x433 



Magn. 



Phase 



Res. 



d, 

3372.527 

3377-517 

3383-513 
3384.514 

3664.674 

3691-533 

" .643 
3692.540 

4067.520 

4071-577 

4073-585 
4077.492 

" .581 
4078.492 

4079-493 

" .579 

4437-550 

4456.502 

" .575 
4839.480 

4840.523 
4841.472 
•503 

-571 
.603 

5160.741 

779 



n 
n 



ii 



a 



.788 
.800 
.809 
.822 
.830 

-843 

.853 

5161-713 
.722 

•735 
-744 
-756 
.764 

•777 
.786 

-799 
.808 

.820 

.828 

.840 

.850 

.864 

-873 






n 
ii 
a 
ii 
a 
ii 
ii 
a 
ii 
ii 
ii 
a 
a 
ii 
ii 



4.46 

6.66 

5-49 
4.60 

5.28 

6.66 

4.50 
6.49 

4.60 
6.27 
6.27 
5.08 
6.00 

4-74 
4.60 

5.08 

6.66 

4-57 

5-49 
6.66 

6.66 

6.66 

6.66 

6.70 



6.98 

6.49 

6.49 

6.49 
6.60 

6.70 

6.70 

6.70 

6.49 
6.66 

6.76 

6.66 

6.70 

6.49 
6.70 

6.66 

6.66 

6.70 

6.60 

6.66 

6.49 

6.49 

6.70 

6.70 

6.70 



d. 
0.047 

0.351 
0.099 

0.059 

0.109 

0.416 

0.005 

0.381 

0.493 

0.385 
0.310 

0.052 

0.141 

O.OII 

0.491 
0.056 

0.341 
0.029 

0.102 

0.329 

0.330 
0.238 

0.269 
0.337 



0.349 
0.387 

0.396 

0.408 

0.417 

0.430 
0.438 

0.451 

0.461 

0.280 

0.289 

0.302 

0.3 1 1 

0.323 

0.331 

0.344 

0.353 
0.366 

0.375 
0.387 

0.395 
0.407 

0.417 

0.431 
0.440 



28 
00 
18 

23 
20 

01 

00 

16 

02 

3S 

39 
28 

12 

23 
10 

28 

00 

02 

II 

00 

00 

04 

00 

04 



32 
16 

16 

16 

04 

06 

06 

07 
00 

00 

10 

00 

04 
17 
04 
00 

00 

04 
06 

00 

^7 
16 

06 

06 

06 



5.28 
6.12 

570 
5-49 



5-13 
5.28 

4.98 

5-85 
5-70 
6.00 
5.28 
5.28 
5.28 

S.85 
570 
5-70 
5.28 
5.28 
6.36 

6.49 
6.00 

6.23 



5-70 
5-70 
S-70 

5-85 
5-70 
5-70 
5-70 

:6.oo 

5.85 
6.00 

5.85 
5-70 
:6.oo 

5-70 
6.12 
:6.oo 
:6.oo 
6.00 
6.23 
:6.oo 
:6.oo 

5-85 
5-85 



d. 



15.08 
16.66 
16.85 
16.06 



d, 
0.526 
0.484 

0.331 
0.214 



16.41 

15.85 
15-08 

15.90 

14.79 

15.44 

14.74 
16.98 

16.12 

16.70 

16.70 

16.41 

14.79 



0.419 
0.198 
0.048 
0.192 

0.523 
0.516 

0.046 

0.398 

0.281 

0.367 

0.540 

0.484 

0.557 



16.94 



0.431 



:6.7o 
:6.6o 
6.70 
6.79 
6.70 
6.66 
6.70 
:6.6o 
6.98 
5.66 

5-85 
6.06 

5-98 
6.16 

6.36 

5-94 
6.41 

6.70 

:6.6o 

6.70 

6.60 

:6.7o 

:6.6o 

6.66 

6.79 



0.307 
0.345 
0.354 
0.366 

0.375 
0.388 

0.396 

0.409 

0.419 

0.161 

0.170 

0.183 

0.192 

0.204 

0.212 

0.225 

0.234 

0.247 

0.256 

0.268 

0.276 

0.288 

0.298 

0.312 

0.321 



d. 



21 
14 

17 
07 



30 

H 

34 
07 

16 

13 
00 

27 

44 
00 

208 

09 
29 



23 



06 
10 
00 
09 
00 

05 
01 

II 

27 
00 

12 

18 

00 

10 

23 
27 
14 
36 

19 
21 

07 

12 

00 

00 

12 



4.46 
5.08 

4.74 
4.41 



3-99 
436 
5.08 

4.79 
4.79 
4.36 

4.79 

4.05 
4.69 

4.69 

4.79 
4.74 
4.69 

4.46 



5.54 
4.69 

4-74 

4-79 
5.08 
4.64 

4.74 
4-36 
4.26 

4-15 
:4.io 

4-05 

4.05 

4.15 

4.31 
[4.20 

4.41 

4.36 

4.31 
4.36 

4.31 
4.46 

4.69 
4.36 



6.70 
6.60 
6.94 
6.60 
5.80 
6.41 

6.55 
6.31 

6.60 

6.66 

6.60 

6.60 

6.79 

6.70 

6.70 

6.85 

5.08 

6.70 

6.85 

6.70 

6.70 

6.70 

6.60 

6.92 



d. 
0.425 
0.356 
0.282 
0.271 
0.179 
0.227 

0.337 
0.222 

0.353 
0.363 

0.347 
0.207 

0.296 

0.19s 

0.185 

0.271 

0.086 

0.321 

0.394 

0.355 
0.386 

0.324 

0.355 
0.423 



6.70 
6.98 
6.66 
6.60 
6.60 
6.06 

5.32 

5.29 
4-36 
6.70 

6.70 
6.60 
6.70 
6.76 
6.76 
6.88 
6.88 
6.76 
6.70 
6.60 
6.56 

5-54 
5-08 

4.41 

4.20 



0.389 
0.427 
0.436 
0.448 

0.457 
0.470 

0.478 

0.491 

0.501 

0.349 
0.358 

0.371 
0.380 

0.392 

0.400 

0.413 

0.422 

0.435 

0.444 
0.456 

0.464 

0.476 

0.486 

0.500 

0.003 



05 
16 

24 

09 

4^ 

H 
20 

21 

15 
10 

15 

19 

07 

37 

44 
16 

02 

03 
10 

05 
06 

04 

15 
18 



06 

24 

07 

10 
07 
00 

03 

R 
04 
04 
06 

17 
06 

00 

00 

13 

14 

04 
00 

06 

06 

00 

00 

00 

^5 



14.79 


o.< 


16.94 


0.. 


16.31 


0. 


IS-85 


0. 


14.69 


o.< 


15-80 


0. 


16.66 


0. 


15-44 


0. 


16.17 


0. 


15.85 


0.( 


15.18 


0.( 


16.88 


0. 


16.23 


0.- 


16.70 


0. 


16.60 


0. 


16.82 


0. 


16.94 


0. 


16.94 


0. 


16.70 


0. 


15.85 


0. 


16.12 


0. 


15.29 


0. 


15-44 


0. 


16.21 


0. 


16.12 


0. 


17.04 


0. 


16.88 


0. 


16.88 


0. 


15.90 


0. 


14.69 


0. 


14.31 


0. 


14.31 


0. 


14.46 


0. 


14.41 


0. 


16.94 


0. 


16.98 


0. 


16.76 


0. 


16.66 


0. 


16.70 


0. 


16.88 


0. 


16.70 


0. 


16.94 


0. 


16.88 


0. 


16.70 


0. 


16.66 


0. 


16.12 


0. 


14.69 


0. 


14.41 


0. 


14.31 


0. 


14.20 


0. 



d. 
.007 

.368 

192 
164 

.015 

128 

.238 

107 
140 

.083 

•033 
•340 
.429 

'3" 
283 

•369 

•367 
.289 

.362 

.091 

105 

.026 

•057 
125 

157 
.410 

.448 

457 
.469 

.478 
.491 

499 

512 

.008 

353 
.362 

•375 

.384 

•396 

404 

417 
4.26 

439 
.448 
.460 
468 
.480 
490 
504 
S13 



37 

09 
00 

30 
II 
12 
12 

34 

17 
28 

25 

05 
61 

10 

15 
02 

10 

20 

H 
21 

35 

51 

14 

31 

03 
18 

08 

30 

14 
18 

09 

09 

05 

05 
10 

14 

09 
20 

16 

02 

16 

10 

05 
06 

12 

02 

19 
00 

08 

20 



OBSERVATIONS OF THE VARIABLES 
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J.D. 

d, 

3372.527 

3377-517 

3383-513 
3384.514 

3664.674 

3691-533 

" -643 
3692.540 

4067.520 

4071-577 

4073-585 
4077.492 

" .581 
4078.492 

4079-493 

" .579 

4437-550 

4456.502 

" .575 
4839.480 

4840.523 
4841.472 
.503 

•571 
.603 

5160.741 

•779 
.788 

.800 

.809 

.822 

.830 

.843 

.853 

5161-713 
.722 

-735 
.744 
-756 
.764 

-777 
.786 

-799 
.808 

.820 
.828 
.840 
.850 
.864 
-873 



No. 7. Per. 0^^9743 



<( 



it 



it 



(t 



it 
it 
it 
it 
it 
tt 



it 
tt 
tt 
tt 
tt 
tt 
it 
it 
tt 
tt 
tt 
it 
tt 
a 
a 



Magn. 



Phase 



16.23 
16.36 



14.50 



14.98 



14.98 
16.12 



15-70 



14.98 

14.50 
15-70 



14-50 



6.66 
6.49 
6.36 
6.23 
5.28 

4-79 
4-50 
4.36 
4.36 

6.49 
6.36 
6.49 
6.49 
6.36 
6.49 
6.66 
6.49 
6.23 
4.98 

4-50 



4.41 
4.41 
4.50 
4-50 



d. 
0.433 
0.449 



0.089 



0.019 



0.043 
0.132 



0.054 



0.458 

O.OII 

0.084 



O.OOI 



0.387 

0.425 
0.434 

0.446 

0.4SS 
0.468 

0.476 

0.489 

O.OOI 

0.363 
0.372 

0.385 

0.394 

0.406 
0.414 
0.427 

0.436 

0.449 
0.458 

0.470 



0.490 
0.003 
0.014 
0.026 



Res. 



'7 
08 



88 



52 



30 
25 



88 



08 
08 

R 



II 



18 

05 
06 

09 
00 

19 
02 

06 

03 
00 

13 
00 

00 

12 

03 
16 

09 

10 

08 

01 



00 
01 

07 

01 



No. 8. Per. not det'd. 



Magn. 



4.31 

4.79 
4.41 

4.41 



4.IS 
4.15 
4.31 

4-79 
4-36 

4.31 
4-31 
4.36 
4.10 

4.41 

4.31 
4.69 

4.20 

4.74 
4.41 

5.08 

4.92 

4-31 
4.69 



5-54 
4.69 

4-41 

4-31 
4.41 

4.69 

4.41 
4.31 
4-36 

4.57 
4.41 

4-31 
4.31 

4.15 
3.88 

3.88 

4.15 

4.15 

4-31 

4.31 

4.15 

4.31 

4.31 
4.41 

4.20 



Phase 



d. 



• • • • 



Res. 



No. 0. Per. 0^.54157 



Magn. 



16.00 


0. 


15.13 


0. 


15.54 


0. 


14.92 


0. 


16.12 


0. 


15-13 


0. 


15.54 


0. 


16.49 


0. 


16.23 


0. 


16.82 


0. 


16.66 


0. 


16.82 


0. 


16.82 


0. 


16.82 


0. 


16.66 


0. 


16.70 


0. 


16.66 


0. 


16.66 


0. 


16.82 


0. 


16.66 


0. 


16.82 


0. 


15.94 


0. 


16.49 


0. 


16.82 


0. 


16.82 


0. 


16.66 


0. 


16.82 


0. 


16.66 


0. 


16.00 


0. 


15.18 


0. 


14.60 


0. 


14.60 


0. 


14.41 


0. 


14.60 


0. 


16.82 


0. 


16.82 


0. 


16.70 


0. 


16.66 


0. 


16.82 


0. 


16.82 


0. 


16.82 


0. 


16.66 


0. 


16.70 


0. 


16.66 


0. 


16.70 


0. 


16.82 


0. 


16.82 


0. 


16.82 


0. 


16.82 


0. 


16.66 


0. 



Phase 



d. 

•497 
.071 

no 

.028 

196 

519 

.087 

443 
114 

.380 

,222 

•338 

.427 

255 

173 

259 
252 

249 
.322 

•337 

297 
163 

194 

,262 

294 
.447 
48s 

494 
506 

515 
.528 

536 
.007 
.017 

•336 

■345 
.358 

•367 

379 

.387 
.400 

409 
.422 

431 
443 
451 
463 
473 
487 
.496 



Res. 



30 

05 
18 

32 

36 

13 
22 

27 

48 
06 
04 
06 
06 
12 

34 
01 

04 

03 

07 
10 

08 

31 
00 

10 

08 

10 

08 

03 

52 

18 

10 

01 

07 
07 
05 

10 

06 
06 
06 

10 

06 

10 

06 
06 
06 
06 

07 
03 



No. xo. Per. 0^.56950 



Magn. 



15.54 


0. 


16.66 


0. 


15-54 


0. 


15-03 


0. 


16.31 


0. 


14.84 


0. 


16.06 


0. 


16.41 


0. 


16.41 


0. 


16.66 


0. 


14.79 


0. 


16.88 


0. 


14.84 


0. 


16.70 


0. 


16.48 


0. 


16.94 


0. 


14.79 


0.( 


16.66 


0. 


16.60 


0. 


16.70 


0. 


16.70 


0. 


16.41 


0. 


16.41 


0. 


16.60 


0. 


16.36 


0. 


16.70 


0. 


15-13 


0. 


15.08 


0. 


14.84 


0. 


14.69 


0. 


14.64 


0. 


14.79 


0. 


15.08 


0. 


14.84 


0. 


16.70 


0. 


16.76 


0. 


16.70 


0. 


16.70 


0. 


16.70 


0. 


16.94 


0. 


16.66 


0. 


16.70 


0. 


16.66 


0. 


16.60 


0. 


16.76 


0. 


16.66 


0. 


16.76 


0. 


16.66 


0. 


16.70 


0. 


16.70 


0. 



Phase 



d. 

530 

•394 

125 

558 

523 

.046 

156 

484 

163 
233 

533 

454 

543 

314 
177 

263 

.018 

.176 

249 
.450 

•355 
164 

195 
263 

29s 
514 
552 
.561 
.003 
.012 
.025 

•033 
.046 

.056 

•347 
•356 

•369 
.378 
•390 

•398 
.411 

.420 

•433 
•442 

454 
.462 

.474 
484 
498 
507 



Res. 



25 
04 

13 

23 
R 

03 
00 

2g 

23 
04 

44 
18 

13 
01 

15 

27 
02 

34 

09 
00 

00 

23 

09 
08 

33 
03 
29 
30 
08 

07 

H 
02 

22 

07 
00 

06 

00 

00 

00 

24 
04 

00 

04 

10 

06 

04 

06 

04 

00 

01 



No. 1 1 . Per. <A. S0790 



Magn. 



4.31 
6.41 

6.66 
6.60 

554 
4.69 

6.24 

4-74 
6.41 

6.82 

6.66 

4-92 
6.12 

4.64 

4.53 
5-44 

S.13 
S-70 
6.31 
6.12 
6.51 
6.12 
6.24 
6.49 
6.23 
6.12 

4.69 
4.20 
4.26 
4.20 

4.31 

4-41 
4.60 

6.24 

6.60 

6.60 

6.66 

6.70 

6.79 

6.60 

6.12 

4.92 

4.23 
4.23 
4.10 
4.20 
4.36 

4.53 
4.74 



Phase 



d. 
0.029 

448 

349 

334 

133 
073 

183 

065 

214 

208 

185 

028 

117 

013 
506 
084 

493 

145 
218 

166 

194 

127 

158 
226 

258 

435 

473 
482 

494 

503 
008 

016 

029 

039 

391 
400 

413 
422 

434 
442 

455 
464 

477 
486 

498 
506 
010 
020 

034 
043 



o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 



Res. 



15 

12 

07 

02 

17 
24 

03 

07 
04 

39 

38 

49 

62 
31 

31 

38 

68 

13 

05 
16 

SI 

26 

00 

30 

R 

47 
00 

26 
06 

II 

02 
02 

07 

36 

00 
00 

07 
13 
24 

12 

00 
68 

42 
19 

22 
12 
02 

04 

12 



No. Z3. Per. not det'd. 



Magn. 



5.28 
6.23 
6.00 
6.16 

5-13 
6.12 

5-49 
6.23 

6.23 

5-49 
6.12 

4-92 
S-i8 

4-92 
S.08 
6.00 

5-85 

4-79 
5.28 

6.23 

5-28 

5-28 

5.13 
6.00 

6.23 

6.23 

6.23 

6.36 

6.36 

6.23 

6.36 

5-94 
6.12 

5-49 
6.23 

6.36 

6.36 

6.23 

6.23 

6.36 

6.23 

6.24 

5-35 
5-28 

4-79 
4-92 

4.9s 
4.69 

4.69 
4-57 



Phase 



d. 



Res. 



i8 



ANNALS OF HASVASD COLLEGE OBSERVATORY 



J.D. 


No. 13. Per. 0^.48307 1 


No. X4- Per. 0^.63478 


No. 15. Per. o'.530o8 


Na x6. Per. o*. 


SI149 


No. 17. Per. 0^.576x9 


No. x8. Per.o'.sx633 1 


Magn. 


Phaae 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


i. 




d. 






d. 






d. 






d. 






d. 






d. 




3372.527 


16.12 


0.406 


47 


16.49 


0.259 


00 


16.66 


0.307 


06 


16.23 


O.161 


22 


16.00 


O.I16 


00 


15-13 


0.027 


08 


3377.517 


1513 


0.083 


19 


15-73 


O.I71 


^9 


14.98 


0.526 


36 


14.95 


0.036 


00 


16.82 


0.497 


OS 


16.66 


0.370 


II 


3383.513 


16.49 


0.282 


07 


16.49 


0.454 


00 


16.23 


O.161 


14 


16.66 


0.406 


00 


16.23 


0.155 


15 


16.23 


0.170 


02 


3384.514 


16.36 


0.317 


24 


16.00 


0.185 


06 


15-13 


0.102 


42 


16.82 


0.384 


00 


14.98 


0.004 


01 


16.23 


0.138 


21 


3664.674 


16.82 


0.296 


24 


16.66 


0.407 


II 


16.49 


0.380 


12 


16.66 


0.247 


00 


16.36 


0.170 


12 


16.82 


0.448 


10 


3691.533 
" .643 


14.69 
16.23 


0.103 
0.213 


4^ 
14 


14.46 
15-32 


0.606 


05 
32 


16.23 
16.49 


0.205 
0.315 


16 


14.50 
15-85 


0.509 
0.107 


10 


16.36 
15-18 


0.527 
0.061 


00 








0.081 


II 


33 


18 


15.28 


• • • • 

0.051 


• • 

02 


3692.540 
4067.520 


15-32 
16.49 


0.144 


18 


16.49 
16.49 


0.343 
0.168 


06 








14.98 
15-28 


0.493 
0.039 


35 
38 


16.82 


0.382 
0.308 


04 


16.82 


0.432 
0.040 


06 


0.262 


00 


61 


• • • • 

16.82 


0.365 


• • 

20 


16.82 


05 


15-28 


03 


4071.577 


14.74 


0.454 


48 


16.66 


0.416 


12 


16.49 


0.182 


22 


14.79 


0.004 


03 


16.66 


0.332 


12 


14.98 


0.483 


12 


4073.585 


14.74 


0.047 


05 


1532 


0.520 


00 


15.85 


0.069 


77 


14.74 


0.478 


H 


15.54 


0.035 


43 


16.70 


0.425 


06 


4077.492 


15.18 


0.089 


18 


14.74 


0.619 


24 


16.82 


0.266 


22 


16.94 


0.293 


II 


15-70 


0.486 


10^ 


16.70 


0.202 


24 


" .581 


16.06 


0.178 


26 


15.49 


0.073 


57 


16.82 


0.355 


20 


16.98 


0.382 


16 


15-28 


O.S75 


25 


16.83 


0.291 


II 


4078.493 


15.69 


0.123 


40 


16.66 


0.349 


II 


16.49 


0.206 


09 


16.94 


0.270 


18 


16.94 


0.334 


16 


16.66 


0.169 


43 


4079.493 


16.00 


0.158 


38 


1532 


0.080 


35 


16.00 


0.146 


02 


16.82 


0.248 


16 


16.66 


0.182 


13 


16.49 


0.137 


47 


" .579 


16.36 


0.244 


00 


16.00 


0.166 


10 


16.66 


0.232 


15 


16.82 


0.334 


02 


16.66 


0.268 


10 


16.70 


0.223 


15 


4437.550 


16.49 


0.260 


02 


15-70 


O.I2I 


34 


16.82 


0.399 


20 


16.70 


0.262 


02 


16.82 


0.469 


03 


16.82 


0.378 


06 


4456.502 


16.49 


0.372 


II 


14.74 


0.030 


12 


16.82 


0.268 


22 


16.82 


0.289 


01 


16.82 


0.409 


03 


16.66 


0.225 


II 


" .575 


16.23 


0.445 


25 


15.18 


0.103 


01 


16.49 


0.341 


n 


16.82 


0.362 


01 


16.82 


0.482 


04 


16.82 


0.298 


10 


4839.480 


16.66 


0.276 


13 


16.36 


0.236 


06 


14.79 


0.529 


19 


16.23 


O.161 


22 


16.66 


0.267 


09 


15-70 


0.086 


06 


4840.523 


16.66 


0.3S3 


06 


14.99 


0.009 


46 


14.95 


0.512 


08 


16.49 


O.181 


29 


16.49 


0.158 


10 


15.70 


0.097 


02 


4841.472 


16.66 


0.336 


06 


16.49 


0.323 


05 


16.66 


0.400 


04 


15.44 


0.107 


10 


15.54 


0.531 


76 


15.49 


0.013 


49 


" .503 


16.49 


0.366 


II 


16.49 


0.354 


06 


16.49 


0.431 


II 


15.54 


0.138 


26 


15.18 


0.562 


OS 


15.28 


0.044 


02 


" .571 


16.23 


0.434 


00 


16.49 


0.422 


05 


15.44 


0.499 


36 


16.49 


0.206 


12 


15-49 


0.054 


21 


15.85 


O.II2 


02 


" .603 
5160.741 

" .779 


14.41 


0.466 


34 
08 


16.49 
16.49 

16.66 


0.454 
0.298 

0.336 


00 


14.74 
14.46 
14.92 


O.OOI 


24 
26 








16.00 


0.086 


35 








16.66 


0.295 
0.333 


03 
II 


^0 9^^^^ ^ 

0.031 

0.069 


• • • • 
















16.49 


II 


mm \^ 

16 


16.66 


0.244 


03 


15-70 


0.091 


00 


16.66 


0.228 


09 


" .788 


16.66 


0.342 


06 


16.49 


0.345 


06 


15.70 


0.078 


50 


16.60 


0.253 


08 


16.23 


O.IOO 


41 


16.66 


0.237 


07 


" .800 


16.66 


0.3S4 


06 


16.66 


0.357 


II 


15-13 


0.090 


27 


16.70 


0.265 


03 


16.16 


O.II2 


20 


16.66 


0.249 


03 


" .809 


16.66 


0.363 


06 


16.66 


0.366 


10 


15-70 


0.099 


22 


16.66 


0.274 


12 


16.23 


O.I2I 


19 


16.66 


0.258 


00 


" .822 


16.41 


0.376 


J9 


16.66 


0.379 


10 


15-28 


O.II2 


R 


16.82 


0.287 


01 


16.23 


0.134 


01 


16.66 


0.271 


02 


" .830 


16.41 


0.384 


19 


16.49 


0.387 


06 


15-49 


0.120 


23 


16.82 


0.295 


00 


16.12 


0.142 


18 


16.70 


0.279 


01 


" .843 


16.70 


0.397 


10 


16.66 


0.400 


II 


15.85 


0.133 


00 


16.70 


0.308 


H 


16.36 


0.155 


02 


16.66 


0.292 


06 


" :853 


16.49 


0.407 


09 


16.49 


0.410 


06 


16.12 


0.143 


18 


16.94 


0.318 


10 


16.36 


0.165 


08 


16.82 


0.302 


09 


5161.713 


16.36 


0.301 


23 


14.36 


0.000 


14 


16.49 


0.473 


04 


15.80 


0.155 


12 


16.66 


0.449 


13 


15-85 


0.130 


13 


" .722 


16.49 


0.310 


II 


14.36 


0.009 


16 


16.66 


0.482 


18 


16.23 


0.164 


18 


16.82 


0.458 


03 


15.70 


0.139 


31 


" .735 


16.49 


0.323 


II 


14.41 


0.022 


18 


16.36 


0.495 


10 


16.12 


0.177 


01 


16.70 


0.471 


09 


16.00 


0.152 


13 


" .744 


16.66 


0.332 


06 


14.60 


0.031 


02 


15-49 


0.504 


25 


16.00 


0.186 


22 


16.82 


0.480 


03 


15.85 


O.161 


35 


" .756 


16.49 


0.344 


II 


14.46 


0.043 


24 


14.74 


0.516 


03 


16.12 


0.198 


18 


16.82 


0.492 


04 


16.23 


0.173 


03 


" .764 


16.66 


0.352 


06 


14.60 


0.051 


15 


14-41 


0.524 


21 


16.23 


0.206 


15 


16.82 


0.500 


OS 


16.12 


O.181 


20 


" .777 


16.70 


0.365 


10 


14.69 


0.064 


16 


14.46 


0.007 


06 


16.36 


0.219 


10 


16.66 


0.513 


04 


16.12 


0.194 


28 


" .786 


16.49 


0.374 


II 


14.60 


0.073 


32 


14.41 


0.016 


15 


16.36 


0.228 


15 


16.49 


0.522 


01 


16.36 


0.203 


08 


" .799 


16.66 


0.387 


06 


15.13 


0.086 


13 


14.69 


0.029 


00 


16.49 


0.241 


13 


16.12 


0.535 


00 


16.49 


0.216 


01 


" .808 


16.49 


0.396 


II 


15.35 


0.095 


25 


14.92 


0.038 


14 


16.36 


0.250 


31 


15-49 


0.544 


II 


16.36 


0.225 


18 


" .820 


16.66 


0.408 


08 


15.32 


0.107 


12 


14.74 


0.050 


16 


16.60 


0.262 


12 


14.98 


0.556 


22 


16.66 


0.237 


07 


" .828 


16.66 


0.416 


10 


I5•3^5 


O.II5 


07 


15-13 


0.058 


19 


16.66 


0.270 


09 


15.28 


0.564 


16 


16.70 


0.245 


09 


" .840 


16.49 


0.428 


00 


15-49 


0.127 


08 


15.13 


0.070 


02 


16.70 


0.282 


II 


15.28 


0.000 


28 


16.66 


0.257 


00 


" .850 


16.00 


0.438 


23 


15-32 


0.137 


20 


15.28 


0.080 


03 


16.70 


0.292 


12 


14.79 


O.OIO 


21 


16.70 


0.267 


03 


" .864 


14.92 


0.452 


R 


15-85 


O.I5I 


16 


16.00 


0.094 


54 


16.94 


0.306 


10 


15-13 


0.024 


08 


16.82 


0.281 


13 


" .873 


14.60 


0.461 


20 


16.12 


0.160 


34 


15-85 


0.103 


30 


16.82 


0.315 


02 


15.28 


0.033 


18 


16.82 


0.290 


10 



OBSERVATIONS OF THE VARIABLES 



19 



J.D. 


No. 10. Pct. <A 


.41x72 


No. ao. Per. o* 


.49x20 


No. Jt. Per. o'.5i646 


No. ». Per. o<.48i46 


No. 23. Per. 0^.50777 


No. 24- Per- 0^.66458 1 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


<f. 
3372.527 


16.06 


d. 
0.132 


3? 


16.94 


d. 
0.458 


235 


15.90 


d. 
0.107 


21 


16.66 


d. 
0.327 


21 


14.50 


d 
0.047 


H 


14.69 


d, 
0.017 


12 


3377517 


16.98 


O.181 


32 


14.79 


0.044 


03 


16.79 


0.449 


00 


15-80 


0.021 


R 


15-85 


0.255 


21 


16.60 


0.355 


13 


3383-513 


16.60 


0.002 


100 


15-44 


0.145 


37 


16.94 


0.247 


20 


16.66 


0.239 


02 


16.00 


0.273 


28 


16.60 


0.370 


12 


3384.514 


16.36 


0.179 


29 


15.54 


0.163 


46 


16.60 


0.215 


00 


16.70 


0.278 


10 


14.79 


0.079 


02 


15.08 


0.042 


20 


3664.674 


15-90 


0.370 


03 


16.31 


0.288 


3S 


16.94 


0.454 


21 


16.41 


0.228 


22 


15.85 


0.482 


^3 


16.41 


0.413 


II 


3691-533 


IS-S4 


0.055 


^5 


15-80 


0.126 


17 


16.70 


0.457 


00 


15-54 


0.125 


46 


16.12 


0.442 


10 


15-29 


0.025 


47 


" -643 


16.36 


0.165 


24 


16.31 


0.236 


^7 


15.08 


0.051 


03 


16.66 


0.235 


01 


14.46 


0.552 


16 


14.79 


0.135 


53 


3692.540 


16.41 


0.239 


36 


15-18 


0.150 


68 


iy.2 


0.431 


• • 


16.51 


0.169 


19 


16.31 


0.253 


68 


16.41 


0.367 


07 


4067.520 


16.60 


0.142 


II 


16.94 


0.276 


30 


15-90 


0.461 


20 


15-54 


0.092 


00 


15.70 


0.431 


32 


16.41 


0.524 


19 


4071-577 


15-90 


0.082 


07 


16.94 


0.403 


17 


16.94 


0.387 


05 


17.04 


0.297 


19 


15.28 


0.304 


56 


15.54 


0.593 


00 


4073-585 


15.98 


0.031 


36 


15-18 


0.445 


20 


16.60 


0.329 


26 


16.94 


0.379 


OS 


16.12 


0.519 


24 


15.08 


0.608 


09 


4077.492 


16.70 


0.232 


06 


16.24 


0.422 


36 


15-54 


0.104 


10 


15-44 


0.435 


28 


15.28 


0.241 


30 


16.60 


0.527 


00 


" .581 


16.88 


0.321 


06 


14.69 


0.020 


13 


16.60 


0.193 


13 


14.69 


0.042 


03 


15.49 


0.330 


43 


15.08 


0.616 


II 


4078.492 


15-66 


0.409 


06 


15-85 


0.440 


15 


15.66 


0.071 


37 


14.46 


0.472 


07 


16.00 


0.046 


137 


16.24 


0.198 


38 


4079.493 


16.56 


0.175 


09 


14.79 


0.458 


23 


15.08 


0.039 


07 


14.69 


0.028 


31 


16.06 


0.449 


OS 


16.66 


0.534 


06 


" -579 


16.70 


0.261 


09 


14.79 


0.053 


10 


16.06 


0.125 


17 


15.80 


O.I 14 


05 


16.00 


0.535 


30 


14.79 


0.620 


12 


443755° 


15.80 


0.035 


17 


16.70 


0.365 


07 


16.31 


0.189 


10 


17.04 


0.360 


IS 


16.12 


0.442 


10 


16.70 


0.383 


20 


4456.502 


15.80 


0.048 


13 


16.41 


0.156 


49 


15-08 


0.032 


10 


14.74 


0.054 


18 


16.31 


0.265 


R 


14.95 


0.062 


00 


" .575 


16.06 


O.I2I 


22 


16.70 


0.229 


27 


15.85 


0.105 


19 


16.06 


0.127 


03 


16.36 


0.338 


42 


15.54 


0.135 


22 


4839.480 


15.80 


0.127 


46 


15.54 


0.419 


118 


16.82 


0.314 


02 


16.94 


0.271 


IS 


14.79 


0.072 


02 


16.70 


0.242 


54 


4840.523 


16.51 


0.346 


23 


14.69 


0.480 


23 


16.94 


0.324 


09 


16.94 


0.351 


05 


15.70 


0.518 


20 


15.08 


0.620 


13 


4841.472 


15.80 


0.060 


08 


15.08 


0.446 


18 

• 


16.70 


0.240 


00 


16.98 


0.338 


10 


15.49 


0.271 


24 


15.90 


0.240 


26 


" .503 


16.36 


0.091 


46 


14.79 


0.477 


32 


16.94 


0.271 


13 


16.94 


0.369 


04 


15.70 


0.302 


H 


16.41 


0.271 


12 


" .571 


16.98 


0.159 


40 


15.44 


0.054 


R 


16.98 


0.339 


II 


15-54 


0.437 


51 


16.23 


0.370 


24 


16.36 


0.339 


• 09 


" .603 
5160.741 

" -779 


16.3 
16.60 


O.I9I 
0.246 
0.284 




15.85 
16.70 

16.94 


0.086 


62 








14.79 
16.98 

16.31 


0.469 

0.399 
0.437 


35 
18 








• • • • 


• • • • 


• • 


• • 

18 


0.377 
0.415 


08 


• • • • 

16.70 
16.94 


• • • • 

0.336 
0.374 


■ • 

17 
05 








16.66 


O.51I 
0.549 


07 


16.79 


02 


20 


15 


• • • • 

16.12 


0.369 


13 


16.60 


1 
00 


" ,788 


16.70 


0.293 


II 


16.70 


0.424 


12 


16.94 


0.383 


04 


1554 


0.446 


34 


16.23 


0.378 


23 


16.70 


0.558 


II 


" .800 


16.66 


0.305 


II 


16.16 


0.436 


08 


16.94 


0.395 


OS 


14.79 


0.458 


00 


15.70 


0.390 


3^ 


16.70 


0.570 


13 


" .809 


16.94 


0.314 


12 


14.79 


0.445 


00 


16.70 


0.404 


iS 


14.41 


0.467 


05 


15.85 


0.399 


16 


16.60 


0.579 


03 


" .822 


16.79 


0.327 


02 


14.23 


0.458 


32 


16.88 


0.417 


01 


14.31 


0.480 


07 


16.00 


0.412 


02 


16.41 


0.592 


00 


" .830 


16.94 


0.335 


15 


14.20 


0.466 


29 


16.94 


0.425 


06 


14.36 


0.006 


01 


15.85 


0.420 


17 


15.90 


0.600 


40 


" .843 


16.82 


0.348 


05 


14.41 


0.479 


05 


16.76 


0.438 


oB 


14.41 


0.019 


04 


16.12 


0.433 


10 


15.29 


0.613 


29 


" .853 


16.82 


0.358 


14 


14.36 


0.489 


10 


17.04 


0.448 


24 


14.64 


0.029 


16 
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16 
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18 
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12 
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06 
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23 
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01 
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06 
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18 


16.82 
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GO 
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01 
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14 
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04 


" -735 
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0.005 


20 
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04 


16.88 


0.298 


OS 
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0.430 


00 


14.98 


0.129 


03 


15.90 


0.176 


22 


" .744 


15.44 


0.014 


17 


16.66 


0.397 


II 
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0.307 


15 


15.94 


0.439 


00 
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07 
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14 
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15 
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12 
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16.76 


0.362 


12 
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04 


16.31 


0.240 


14 
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36 
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15 
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0.371 


23 
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31 
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27 
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13 


14.74 


0.033 
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0.261 
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07 
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01 
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15 
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32 


" .873 
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10 
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0.035 


02 


16.88 
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01 


15.85 
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35 
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31 
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04 



20 



ANNALS OF HARVARD COLLEGE OBSERVATORY 



J.D. 



No. 25. Per. o'47990 



No. 26. Per. C4.S971S 



No. 27. Per. o'.58oo6 



No. 38. Per. 0^.47566 



No. 39. Per. not det*d. 



No. 30. Per. not det'd. 
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4840.523 

4841.472 

503 

571 
" .603 
5160.741 

.779 
.788 

.800 

.809 

.822 

.830 

.843 

.853 
5161.713 

.722 

-735 
-744 
•756 
.764 

.777 
.786 

.799 
.808 

.820 

.828 

.840 

.850 

.864 

.873 



<( 
(( 
(t 
ti 
ti 
It 
ti 
tt 



It 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
It 
tt 
tt 
tt 
tt 



6.82 

5-90 
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4.69 
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6.98 
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4.92 
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5.13 
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4.69 

4-69 
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4.69 

4.46 
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J.D. 


No. 31. Per. 0^.58074 


No. 3a. Per. 0^.49536 


No. is. fa. c^.S'S»3 


No. 34. Per. o'.ssooQ 


No. 3S. Per. 0^.53070 


No. 36. Per. 0^.54557 1 
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0.515 


00 


14.50 


0,038 


02 


16.94 


0.450 


22 


16.56 


0.503 


71 


16.82 


0.264 


20 


16.94 


0.440 


14 


5161.713 


16.36 


0.213 


15 


16.49 


0.403 


II 


16.70 


0.260 


10 


16.48 


0.245 


12 


14.79 


0.063 


22 


16.41 


0.209 


21 


" .722 


16.23 


0.222 


00 


16.60 


0.412 


02 


16.66 


0.269 


04 


16.60 


0.254 


02 


15.28 


0.072 


18 


16.48 


0.218 


16 


" -735 


16.16 


0.235 


12 


16.36 


0.425 


16 


16.66 


0.282 


02 


16.46 


0.267 


18 


15.70 


0.085 


48 


16.56 


0.231 


12 


" .744 


16.36 


0.244 


03 


16.49 


0.434 


00 


16.60 


0.291 


06 


16.50 


0.276 


H 


15.70 


0.094 


32 


16.56 


0.240 


14 


" .756 


16.36 


0.256 


01 


15.85 


0.446 


35 


16.70 


0.303 


02 


16.70 


0.288 


05 


16.00 


0.106 


48 


16.56 


0.252 


16 


" .764 


16.36 


0.264 


01 


14.79 


0.454 


70 


16.70 


0.3 1 1 


01 


16.70 


0.296 


04 


15.49 


0.114 


13 


16.70 


0.260 


02 


" .777 


16.31 


0.277 


07 


14.22 


0.467 


38 


16.60 


0.324 


10 


16.60 


0.309 


07 


15.49 


0.127 


33 


16.66 


0.273 


10 


« .786 


16.23 


0.286 


17 


14.31 


0.476 


13 


[6.60 


0.333 


II 


16.66 


0.318 


02 


16.00 


0.136 


06 


16.70 


0.282 


06 


" .799 


16.36 


0.299 


06 


14.22 


0.489 


15 


16.79 


0.346 


06 


16.60 


0.331 


09 


16.23 


0.149 


13 


16.82 


0.295 


05 


" .808 


16.36 


0.308 


07 


14.36 


0.002 


02 


16.70 


0-355 


03 


16.60 


0.340 


10 


16.12 


0.158 


07 


16.70 


0.304 


09 


" .820 


16.66 


0.320 


21 


14.50 


0.014 


13 


16.76 


0.367 


01 


16.76 


0.352 


06 


16.12 


0.170 


17 


16.79 


0.316 


00 


« .828 


16.41 


0.328 


06 


14.36 


0.022 


07 


16.70 


0.375 


04 


16.76 


0.360 


06 


16.23 


0.178 


12 


16.76 


0.324 


04 


" .840 


16.49 


0.340 


00 


14.41 


0.034 


06 


16,79 


0.387 


03 


16.76 


0.372 


06 


16.49 


0.190 


05 


16.82 


0.336 


02 


" .850 


16.36 


0.350 


14 


14.74 


0.044 


14 


16.70 


0.397 


06 


16.76 


0.382 


06 


16.66 


0.200 


17 


16.76 


• 0.346 


1 05 


" .864 


16.36 


0.364 


16 


14.50 


0.058 


21 


16.76 


0.41 1 


00 


16.70 


0.396 


00 


16.49 


0.214 


06 


16.7c 


) 0.36c 


► II 


" .873 


16.49 


0.373 


03 


14.46 


0.067 


31 


16.88 


0.420 


12 


16.66 


0.405 


05 


16.66 


0.223 


09 


16.8S 


\ 0.365 


\ 07 



22 



ANNALS OF HARVAIO) COLLEGE OBSERVATORY 



J.D. 



No. 37. Per. not det'd. 



No. 38. Per. o.*s6ioi 



No. 39. Per. 0^.58709 



No. 40. Per. 6^.55240 



No. 4Z. Per. 0^^8568 



No. 42. Per. 0^.59022 



Magn. 



d. 
3372.527 
3377-517 
3383-513 
3384-514 
3664.674 

3691-533 

" .643 

3692.540 

4067.520 

4071-577 
4073-585 
4077.492 

" .581 
4678.492 

4079-493 

" .579 

4437-550 

4456.502 

" .575 
4839.480 

4840.523 
4841.472 
.503 

-571 
.603 

5160.741 

779 



(( 



(( 



(( 



(( 



« 



.788 
.800 
.809 
.822 
.830 

.843 

-853 
S161.713 

.722 

.735 
.744 
-756 
.764 

.777 
.-786 

-799 
.808 

.820 

.828 

.840 

.850 

.864 

.873 



u 



it 



(t 



It 



(I 



tl 



(I 



(( 



tl 



(t 



(I 



t( 



(< 



<< 



(( 



<( 



« 



ii 



tl 



II 



II 



Phase 



6.36 
6.00 

S-44 

5-54 

5-49 

5-13 
6.36 

5-28 
6.00 
6.31 
5.28 
5-28 
S.18 
5-28 
S.18 
5-54 

5-49 
5.18 
6.00 
6.49 

5-85 
6.36 
6.12 
5-28 
S-28 



5-44 
5-54 
S-70 

5-49 
6.00 

6.23 

6.36 
6.23 

S.18 
5.28 

5-18 

S-13 
5.28 

5.28 

5-54 
5-70 
6.00 
6.06 
6.12 
6.49 
6.23 
6.49 
6.49 
6.60 



Res. 



Magn. 



Phase 



Res. 



Magn. 



5.18 
4.69 
6.70 
6.82 

6.66 
6.82 
4.69 
6.82 
6.82 
5-08 
6.82 

6.49 
6.70 

6.23 

S-S4 
6.23 

6.82 

6.66 

6.66 

5.28 

6.98 

6.98 

6.98 

6.98 

6.49 



6.82 
6.82 
6.82 
6.66 
6.70 
6.82 
6.70 
6.82 

6.36 
6.49 
6.49 
6.49 
6.49 
6.66 
6.60 
6.70 
6.70 
6.66 
6.82 
6.70 
6.70 
6.82 
6.94 
6.82 



d. 
0.067 

0.008 

0.394 
0.273 

0.484 
0.414 

0.524 
0.299 

0.517 
0.086 

0.41 1 

0.391 

0.480 

0.269 

0.148 

0.234 

0.274 

0.151 

0.224 

0.514 

0.435 
0.262 

0.293 

0.361 

0.393 



0.348 

0.357 
0.369 

0.378 

0.391 

0.399 
0.412 

0.422 

0.160 

0.169 

0.182 

0.191 

0.203 

0.211 

0.224 

0.233 

0.246 

0.255 
0.267 

0.275 
0.287 

0,297 

0.311 

0.320 



06 
II 
12 

07 

H 
00 

26 

03 
172 

22 

00 

33 
II 

51 

47 

44 
06 

60 

01 

12 

15 
24 
20 

16 
34 



00 
00 
00 
16 
12 
00 
12 
00 

23 

25 

09 
00 

05 

07 

05 
02 

01 

07 
08 

06 

08 

03 

14 
02 



5.28 
6.60 
6.66 
6.36 
6.66 
6.12 
6.49 

S-I3 
6.49 

6.82 

S-70 
6.66 

S-18 
6.82 

S-8S 
6.36 

5-28 

6.49 

6.70 

6.70 

6.82 

5-54 

S-8S 
6.49 

6.49 



Phase 



4.74 
4-50 
4.46 

4.50 

4.50 
4.41 
4.69 

4.79 
6.66 

6.70 

6.66 
6.66 
6.70 
6.82 
6.66 
6.66 
6.82 
6.66 
6.92 
6.82 
6.82 
6.66 
6.82 
6.82 



d. 
0.007 

0.300 

0.425 
0.252 

0.370 
0.223 

0.333 
0.056 

0.473 
0.420 

0.080 

0.464 

O.SS3 
0.290 

0.117 

0.203 

0.049 

0.214 

0.287 

0.409 

0.278 

0.053 
0.084 

0.152 

0.184 



Res. 



Magn. 



0.570 

0.579 
0.004 

0.013 
0.026 
0.034 
0.047 
0.057 
0.330 
0.339 
0.352 
0.361 

0.373 
0.381 

0.394 
0.403 

0.416 

0.425 

0.437 

0.445 

0.457 
0.467 

0.481 

0.490 



66 

05 

07 

17 
04 

33 
21 

07 
23 
09 
42 
07 
00 
18 

17 
01 

29 

08 

06 

03 
22 

52 

52 

47 
21 



00 
12 
16 
18 

25 

44 

27 
27 

02 

00 

04 

05 
01 

10 

06 

07 

09 

07 

19 

09 

09 

07 
II 

12 



Phase 



Res. 



Magn. 



Phase 



4.79 

4.79 
6.12 

6.70 
6.36 

6.66 
6.82 

5.85 

5-49 
6.82 

5-49 
5-70 
6.66 

4.98 
6.82 

4.79 

S-13 
6.36 
6.82 
6.82 
6.66 
6.12 
6.66 
6.70 
6.66 



6.36 
6.23 
6.23 
6.12 
6.41 
6.66 
6.60 
6.82 

4.98 

4.50 
4.46 

4.46 

4.79 
4.74 
4.98 
4.98 

4.98 
5.28 
5.18 

5-49 
5-54 
S-70 

5-49 
6.12 



d. 
0.021 

0.039 
O.511 
0.407 
0.500 
0.292 
0.402 
0.194 
0.094 
0.285 
0.083 
0.123 
0.212 
0.018 
0.467 
0.00 1 
0.016 
0.187 
0.260 

0.352 
0.290 

0.134 

0.165 

0.233 

0.265 



0.154 
0.163 

0.17s 
0.184 

0.197 

0.205 

0.218 

0.228 

0.53s 

0.544 
0.005 

0.014 

0.026 

0.034 

0.047 

0.056 

0.069 

0.078 

0.090 

0.098 

O.IIO 

0.120 

0.134 
0.143 



07 

02 

01 

13 
15 

II 

01 

63 

27 
06 

38 

00 

07 
27 

01 

09 
42 

03 
09 

00 

10 

34 
46 

03 
07 



26 
04 

07 
26 

04 

13 
01 

19 
16 

22 

24 

25 

05 
00 

18 

II 

02 

26 

00 

21 

10 

II 

27 
17 



6.24 
6.70 
6.06 

5-94 
6.70 

4.79 
6.36 
5.66 
6.06 
6.66 
6.60 
6.06 
4.69 
6.60 

4.79 
5.18 

5.18 

4.79 
6.06 

6.94 
6.60 

6.60 

6.60 

5-54 



d 

0.147 
0.280 

0.448 

0.478 

0.400 

0.061 

0.171 

0.097 

0.132 

0.303 
0.369 

0.390 
0.479 

0.419 

0.449 
0.049 

0.074 

0.084 

O.IS7 
0.346 

0.418 

0.396 

0.427 

0.009 



Res. 



Magn. 



6.60 
6.31 
6.41 
6.31 
6.46 
6.41 
6.41 
6.41 
6.41 
6.41 
6.36 
6.31 
6.31 
6.70 

6.36 
6.48 
6.41 
6.48 
6.31 
6.56 
6.56 

6.45 
6.56 

6.60 
6.60 



0.087 
0.125 

0.134 
0.146 

0.155 
0.168 

0.176 

0.189 

0.199 

0.088 

0.097 

O.IIO 

0.119 
0.131 
0.139 
0.152 
0.I6I 

0.174 
0.183 
0.195 

0.203 

0.215 
0.225 
0.239 

0.248 



12 
02 

R 

R 

II 

30 

07 
00 

24 
06 

15 
62 

33 

R 

51 

15 
00 

5^ 
32 
20 

40 

03 
70 

54 



4.74 
7.04 

6.98 

6.06 

4.74 
5.80 

6.16 

5-90 
6.66 

6.41 

4.31 
6.41 

6.60 

5-54 
4.41 

4.69 
6.94 

6.48 

6.60 



6.31 
5.08 

4.79 



130 
06 

II 

05 
08 

00 

02 

06 

09 

102 

56 
21 
12 
42 
03 

09 
02 

05 

15 

07 

05 
10 

01 

00 

02 



Phase 



d. 
0.087 

0.3SS 

0.449 
0.270 

0.075 

0.374 
0.484 

0.201 

0.391 
0.316 

0.554 
0.329 

0.418 

0.149 

0.560 

0.05s 

0.353 
0.418 

0.491 



0.206 

0.565 

0.005 



Res. 



6.70 

4.41 

4.411 

4.15 
4.10 

4.15 

4-15 
4.26 

4.41 

6.06 

6.41 

6.31 

6.60 

6.41 

6.41 

6.41 

6.6p 

6.56 

6.41 

6.66 

6.56 

6.60 

6.56 

6.66 

6.66 



0.525 

0.563 
0.572 

0.584 
0.002 

0.015 

0.023 

0.036 

0.046 

0.316 

0.325 
0.338 

0.347 

0.359 

0.367 
0.380 

0.389 

0.402 

0.41 1 

0.423 

0.431 

0.443 

0.453 
0.467 

0.476 



^4 
58 

37 
08 

00 
72 
47 

09 
10 

10 

49 

03 
00 

08 

^9 
II 

R 
12 

03 



46 
58 

59 



18 

03 

09 
08 

10 

07 

13 
10 

05 

25 

05 
09 

17 

03 
09 

12 

04 
02 

18 

06 

04 

01 

05 

03 
02 
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23 


J.D. 


No. 4.1. Per. 0^.54051 1 


No. 44. Per. 0^.50640 


No. 4S. Per. 0^.53687 


No. 46. Per. 0^.61230 


No. 47. Per. o4 54103 


No. 4B. Per. 0^.62780 1 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


d. 
3372.527 


16.70 


d. 
0.432 


07 


15.18 


d. 
0.503 


12 


16.82 


d, 
0.449 


07 


16.70 


d, 
0.187 


24 


16.41 


d. 
0.127 


30 


15.18 


d, 
0.027 


10 


3377.517 


15.18 


0.017 


55 


16.82 


0.429 


22 


15.85 


0.071 


15 


16.70 


0.279 


07 


16.60 


0.248 


20 


15.54 


0.622 


52 


3383.513 


15.08 


0.067 


24 


16.60 


0.349 


08 


16.82 


O.161 


32 


16.31 


0.152 


00 


16.70 


0.292 


23 


16.60 


0.340 


00 


3384.514 


15.44 


0.528 


63 


16.66 


0.337 


02 


16.12 


0.088 


26 


16.60 


0.540 


07 


16.60 


0.2II 


06 


15.80 


0.086 


29 


3664.674 
3691.533 








15.66 
15.54 


0.458 

0.477 


29 
02 


14.79 
14.74 


0.002 


04 

24 


16.60 


0.267 
0.185 


02 


15.54 
15.59 


O.I18 


R 


16.41 


0.247 
O.III 


00 


14.41 


0.537 


21 


0.018 


16.41 


04 


0.466 


18 


15.44 


27 


" .643 


15.08 


0.107 


22 


15.66 


0.081 


46 


16.12 


0.128 


16 


16.31 


0.295 


34 


14.84 


0.035 


29 


16.16 


0.221 


15 


3692.540 


16.16 


0.463 


00 


15.80 


0.472 


26 


15.85 


0.488 


35 


15.54 


0.579 


21 


16.41 


0.391 


18 


16.41 


0.490 


04 


4067.520 


16.60 


0.329 


01 


16.41 


0.209 


07 


16.82 


0.196 


14 


16.88 


0.220 


34 


15.80 


0.437 


18 


15.54 


0.045 


34 


4071.577 


15.08 


0.062 


27 


16.31 


0.215 


20 


15.08 


0.495 


57 


15.44 


0.603 


00 


16.60 


0.166 


20 


16.60 


0.336 


01 


4073.585 
4077.492 








16.16 


0.197 
0.053 


26 


16.82 


0.35s 
0.504 


08 


16.16 


O.161 


22 


15.18 
16.12 


O.OIO 


27 
01 


16.60 


0.460 
0.600 


05 
^3 


14.79 


0.032 


13 


14.69 


08 


15.13 


03 


16.70 


0.395 


00 


0.130 


15.08 


" .581 


15.80 


O.I2I 


30 


15.98 


0.142 


02 


16.00 


0.056 


50 


16.06 


0.484 


62 


16.82 


0.219 


13 


15.80 


0.062 


R 


4078.492 


14.69 


0.491 


59 


14.79 


0.040 


09 


16.98 


0.430 


09 


16.60 


0.170 


20 


15.54 


0.048 


24 


16.60 


0.345 


00 


4079.493 


16.60 


0.41 1 


06 


14.84 


0.029 


12 


16.82 


0.358 


08 


15.54 


0.559 


65 


14.79 


0.508 


07 


15.80 


0.090 


26 


" .579 


14.74 


0.497 


36 


15.49 


O.II5 


^4 


16.49 


0.444 


40 


15.69 


0.033 


18 


15.66 


0.053 


31 


15.98 


0.176 


II 


4437.550 


15.44 


O.IIO 

• 


10 


15.08 


0.061 


19 


16.82 


0.322 


06 


16.60 


0.420 


10 


16.41 


0.403 


00 


16.60 


0.301 


04 


4456.502 


15.44 


0.144 


28 


16.66 


0.276 


00 


16.82 


0.484 


22 • 


16.70 


0.391 


00 


16.41 


0.419 


18 


16.70 


0.419 


10 


" .575 


16.16 


0.217 


01 


16.70 


0.349 


02 


15.28 


0.020 


28 


16.70 


0.464 


01 


15.54 


0.492 


55 


16.51 


0.492 


07 


4839.480 

4840.523 
4841.472 

" .503 

" .571 
" .603 

5160.741 








16.41 
16.06 


0.416 
0.446 
0.382 
0.413 
0.481 
0.007 

O.II3 


24 

H 
08 


16.00 


0.137 
0.106 


34 

39 
82 


15.90 
16.94 
16.31 
16.70 
16.60 


0.069 
0.500 
0.224 

0.255 
0.323 


17 
28 


16.98 
17.04 
16.41 
16.70 

i6.g 


0.348 
0.309 

0.176 
0.207 

0.275 


07 
10 


16.31 
16.31 
15.80 
15.80 

15.44 


0.439 
0.227 

0.548 

0.579 
0.019 


28 








15.70 
15.70 
14.98 

15.85 


00 








16.60 


0.518 
0.012 


24 
09 

07 


05 
07 


02 


.» 






16.41 
15.44 

14.95 
15.98 


25 
06 


01 


34 
4.1 








0.080 


05 








00 




^ ^^ • ^^^^ 




^ * 


16.16 


0.099 


98 


31 


16.82 


0.349 


07 


• • • • 

16.70 


• • • • 

0.485 


02 


• • • • 

16.88 


0.237 


12 


16.60 


0.267 


13 


" -779 


15.44 


0.137 


16 


15.44 


O.151 


R 


16.98 


0.387 


08 


16.70 


0.523 


08 


16.94 


0.275 


04 


16.31 


0.305 


H 


" .788 


15.54 


0.146 


^9 


16.16 


0.160 


04 


16.82 


0.396 


08 


16.66 


0.532 


08 


16.88 


0.284 


05 


16.36 


0.314 


21 


" .800 


16.16 


0.158 


32 


16.41 


0.172 


09 


16.82 


0.408 


08 


16.41 


0.544 


09 


16.94 


0.296 


00 


16.70 


0.326 


12 


" .809 


16.06 


0.167 


16 


16.24 


0.181 


H 


16.82 


0.417 


08 


16.36 


0.553 


01 


16.94 


0.305 


00 


16.66 


0.335 


06 


" .822 


16.06 


0.180 


06 


16.41 


0.194 


01 


16.98 


0.430 


08 


16.06 


0.566 


06 


16.70 


0.318 


23 


16.46 


0.348 


12 


" .830 


16.12 


0.188 


08 


16.41 


0.202 


02 


16.82 


0.438 


08 


15.66 


0.574 


15 


16.94 


0.326 


00 


16.66 


0.356 


06 


" .843 


16.16 


0.201 


01 


16.60 


0.215 


09 


16.70 


0.451 


j8 


16.06 


0.587 


38 


16.94 


0.339 


01 


16.70 


0.369 


10 


" .853 


16.31 


0.2II 


13 


16.60 


0.225 


06 


16.94 


0.461 


07 


16.21 


0.597 


K 


16.94 


0.349 


03 


16.41 


0.379 


19 


5161.713 


15.18 


0.530 


50 


15.08 


0.072 


02 


16.66 


0.248 


^5 


16.48 


0.232 


08 


15.66 


0.127 


45 


15.08 


O.61I 


01 


" .722 


15.08 


0.539 


R 


15.18 


0.081 


02 


16.70 


0.257 


12 


16.60 


0.241 


01 


16.06 


0.136 


12 


15.08 


0.620 


05 


" .735 


14.69 


O.OII 


06 


14.92 


0.094 


28 


16.66 


0.270 


19 


16.56 


0.254 


05 


16.16 


0.149 


12 


14.79 


0.005 


21 


" .744 


14.46 


0.020 


J7 


15.44 


0.103 


06 


16.66 


0.279 


20 


16.41 


0.263 


21 


16.06 


0.158 


28 


14.79 


0.014 


24 


" .756 


14.64 


0.032 


02 


15.66 


O.II5 


02 


16.94 


0.291 


08 


16.66 


0.275 


02 


16.48 


0.170 


06 


14.79 


0.026 


29 


" .764 


14.64 


0.040 


05 


15.54 


0.123 


22 


16.82 


0.299 


04 


16.70 


0.283 


06 


16.31 


0.178 


^7 


14.92 


0.034 


20 


" .777 


14.69 


0.053 


06 


16.06 


0.136 


18 


16.82 


0.312 


06 


16.56 


0.296 


10 


16.41 


0.I9I 


^7 


15.08 


0.047 


14 


" .786 


15.08 


0.062 


27 


16.24 


0.145 


22 


16.82 


0.321 


06 


16.60 


0.305 


06 


16.70 


0.200 


09 


14.92 


0.056 


35 


" .799 


15.08 


0.075 


18 


15.98 


0.158 


18 


16.82 


0.334 


07 


16.60 


0.318 


06 


16.60 


0.213 


06 


15.44 


0.069 


OS 


" .808 


14.79 


0.084 


20 


16.41 


0.167 


14 


16.82 


0.343 


07 


16.41 


0.327 


26 


16.60 


0.222 


II 


15.44 


0.078 


00 


" .820 


15.66 


0.096 


R 


16.41 


0.179 


07 


16.94 


0.355 


04 


16.66 


0.339 


02 


16.76 


0.234 


00 


15.29 


0.090 


24 


" .828 


15.44 


0.104 


18 


16.41 


0.187 


03 


16.98 


0.363 


08 


16.60 


0.347 


08 


16.66 


0.242 


13 


15.90 


0.098 


30 


" .840 


15.18 


0.II6 


21 


16.60 


0.199 


17 


16.82 


0.375 


08 


16.56 


0.359 


13 


16.66 


0.254 


16 


15.66 


O.IIO 


04 


" .850 


15.80 


0.126 


27 


16.31 


0.209 


16 


16.98 


0.385 


08 


16.70 


0.369 


00 


16.94 


. 0.264 


07 


15.54 


0.120 


22 


" .864 


15.49 


0.140 


20 


16.70 


0.223 


16 


16.98 


0.399 


08 


16.66 


0.383 


04 


16.94 


. 0.278 


03 


15.94 


0.134 


07 


" .873 


16.06 


0.149 


29 


16.56 


0.232 


00 


16.94 


0.408 


04 


16.76 


0.392 


06 


16.94 


. 0.287 


00 


16.06 


0.143 


15 



V 



u 



ANNALS OF HASVASD COLLEGE OBSERVATORY 



J.D. 


No. 49. Per. o'.548ai 


No. so. Per. o*.' 


51310 


No. SI. Per. o'.sSsqq 


No. sa. Per. o'.sidaa 


No. S3* P^* o'.soiSo 


No. S4' Per. o'.soisd 1 


Mftgn. 


Phase 


Res. 


Magn. 


Phase 


RfA. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


i. 
3372.527 


16.98 


d. 
0.287 


30 


16.82 


0.285 


06 


16.66 


i. 
0.229 


04 


16.66 


d. 
0.364 


20 


14.79 


d. 
0.492 


09 


14.79 


d. 
0.479 


00 


3377.517 


16.82 0.343 


10 


15.70 


0.144 


24 


16.00 


0.547 


22 


16.49 


0.192 


20 


16.60 


0.433 


02 


16.66 


0.453 


19 


3383-513 


16.70 0.309 


01 


14.69 


0.496 


04 


15.70 


O.II9 


01 


14.74 


0.509 


07 


16.60 


0.370 


01 


16.49 


0.430 


01 


3384.514 


16.66 0.213 


10 


16.00 


0.471 


50 


16.49 


0.536 


48 


16.24 


0.478 


26 


16.66 


0.362 


07 


16.49 


0.428 


01 


3664.674 
3691.533 


16.60 0.2^8 


00 


16.36 


0.478 
0.143 


00 


16.66 


0.381 
0.376 


04 

34 




















16.5 


0.235 


• • 


15.70 


24 


16.36 


16.49 


0.346 


03 


16.23 


0.408 


35 


14.46 


0.492 


01 


" .643 


16.41 


0.345 


31 


16.66 


0.253 


09 


16.49 


0.486 


03 


16.49 


0.456 


03 


14.50 


0.013 


10 


16.00 


O.IOI 


46 


3692.540 


16.31 


0.145 


28 


15.28 


0.124 


34 


16.49 


0.215 


03 


16.36 


0.320 


10 


16.49 


0.405 


09 


14.69 


0.496 


26 


4067.520 


16.31 


0.150 


20 


14.74 


0.028 


02 


16.66 


0.273 


04 


14.98 


0.008 


48 


16.60 


0.252 


09 


16.06 


0.309 


42 


4071.577 


16.60 


0.369 


13 


14.74 


0.493 


02 


16.82 


0.243 


15 


15.28 


0.452 


119 


16.49 


0.269 


04 


15.85 


0.354 


65 


4073.585 


16.16 


0.184 


30 


15.08 


0.449 


166 


15.85 


0.499 


60 


16.49 


0.395 


01 


16.49 


0.258 


03 


16.49 


0.356 


01 


4077.492 


16.70 


0.254 


06 


16.70 


0.251 


04 


16.82 


0.318 


12 


16.12 


0.172 


04 


16.12 


0.126 


II 


16.49 


0.250 


05 


" .581 


16.60 


0.343 


12 


16.82 


0.340 


06 


16.82 


0.407 


12 


16.36 


0.261 


07 


16.12 


0.215 


30 


16.23 


0.339 


26 


4078.492 
4079.493 


16.60 


0.158 

0.062 


41 


16.70 


0.225 
0.199 


01 


16.41 


0.150 
0.567 


32 
30 


16.00 


0.140 
0.108 


13 
01 








16.23 
16.36 


0.247 
0.245 


20 


15.54 


39 


16.66 


03 


14.98 


15.49 


16.00 


0.107 


18 


07 


" .579 


16.31 


0.148 


22 


16.66 


0.285 


10 


15.59 


0.069 


32 


16.23 


0.194 


05 


16.36 


0.193 


00 


16.49 


0.331 


01 


4437.550 


16.16 


0.138 


28 


15.70 


O.I 13 


28 


15-18 


0.054 


05 


16.66 


0.425 


18 


16.23 


0.197 


^3 


16.49 


0.188 


21 


4456.502 


16.94 


0.451 


20 


15.49 


0.080 


41 


16.82 


0.318 


12 


16.36 


0.277 


08 


16.23 


0.468 


28 


14.98 


0.081 


30 


" .575 


14.79 


0.524 


01 


16.00 


0.153 


07 


16.49 


0.391 


21 


16.23 


0.350 


23 


14.74 


0.036 


06 


16.00 


0.154 


08 


4839.480 


16.60 


0.230 


01 


16.49 


0.285 


27 


16.49 


0.199 


05 


16.49 


0.220 


12 


16.49 


0.235 


02 


16.49 


0.369 


01 


4840.523 


16.60 


0.177 


23 


16.66 


0.302 


10 


15.54 


0.074 


24 


16.36 


0.230 


03 


16.49 


0.268 


04 


16.49 


0.408 


01 


4841.472 


15.44 


0.029 


52 


16.82 


0.225 


10 


16.49 


0.439 


20 


16.12 


0.147 


17 


16.49 


0.207 


II 


16.49 


0.354 


01 


" .503 


15.44 


0.060 


31 


16.70 


0.256 


04 


16.66 


0.470 


06 


16.00 


0.178 


19 


16.49 


0.238 


02 


16.60 


0.385 


10 


" .571 

" .603 

5160.741 


15.54 


0.128 


20 


16.82 


0.324 
0.356 
0.346 
0.384 


06 


15.70 
14.98 
16.82 


0.538 
0.570 
0.265 
0.303 


29 
20 








16.49 


0.306 


08 


16.49 


0.453 


02 




• • • • 




16.66 


10 












16.70 


0.240 


09 
II 


16.66 


10 


12 


• • • • 


• • • • 


■ • 


16.66 


0.386 
0.424 


07 
08 




• • • • 


• • 


" .779 


# 
16.56 


0.278 


16.70 


06 


16.82 


12 


16.49 


0.430 


01 


16.66 


16.23 


0.168 


06 


" .788 


16.70 


0.287 


02 


16.66 


0.393 


10 


16.49 


0.312 


21 


16.23 


0.439 


25 


16.36 


0.433 


22 


16.23 


0.177 


00 


" .800 


16.70 


0.299 


02 


16.82 


0.405 


06 


16.66 


0.324 


04 


16.36 


0.451 


10 


16.60 


0.445 


03 


16.23 


0.189 


06 


" .809 


16.70 


0.308 


01 


16.70 


0.414 


06 


16.66 


0.333 


04 


16.00 


0.460 


39 


16.49 


0.454 


08 


16.36 


0.198 


04 


" .822 


16.70 


0.321 


00 


16.66 


0.427 


10 


16.82 


0.346 


12 


16.00 


0.473 


06 


16.49 


0.467 


04 


16.41 


0.2II 


OS 


" .830 


16.60 


0.329 


10 


16.70 


0.435 


06 


16.66 


0.354 


04 


15.49 


0.481 


30 


16.36 


0.475 


16 


16.49 


0.219 


II 


" .843 


16.60 


0.342 


12 


16.70 


0.448 


05 


16.70 


0.367 


00 


15.18 


0.494 


20 


14.74 


0.488 


13 


16.49 


0.232 


08 


" .853 


16.60 


0.352 


^3 


16.82 


0.458 


08 


16.82 


0.377 


12 


15.28 


0.504 


46 


14.41 


0.498 


06 


16.49 


0.242 


06 


5161.713 


15.54 


0.II6 


04 


16.82 


0.291 


06 


15.28 


0.069 


03 


16.36 


0.331 


10 


16.70 


0.348 


II 


15.70 


0.098 


22 


" .722 


15.54 


0.125 


16 


16.66 


0.300 


10 


15.28 


0.078 


05 


16.36 


0.340 


10 


16.49 


0.357 


10 


15.49 


0.107 


11 


" .735 


15.98 


0.138 


10 


16.82 


0.313 


06 


15.85 


0.091 


39 


16.36 


0.353 


10 


16.60 


0.370 


01 


15.90 


0.120 


14 


" .744 


16.06 


0.147 


00 


16.82 


0.322 


06 


15.70 


O.IOO 


16 


16.49 


0.362 


02 


16.49 


0.379 


10 


15.85 


0.129 


00 


" .756 


15.90 


0.159 


31 


16.70 


0.334 


06 


15.85 


O.II2 


18 


16.49 


0.374 


02 


16.36 


0.391 


23 


16.16 


O.I4I 


18 


" .764 


16.41 


0.167 


12 


16.82 


0.342 


06 


15.70 


0.120 


04 


16.49 


0.382 


02 


16.66 


0.399 


07 


16.00 


0.149 


02 


" .777 


16.24 


0.180 


16 


16.82 


0.355 


06 


15.85 


0.133 


07 


16.49 


0.395 


02 


16.60 


0.412 


02 


16.00 


0.162 


12 


" .786 


16.06 


0.189 


41 


16.70 


0.364 


06 


16.00 


0.142 


02 


16.36 


0.404 


12 


16.49 


0.421 


09 


16.16 


O.I7I 


02 


<< HAM 

•799 


16.41 


0.202 


12 


16.70 


0.377 


06 


16.23 


0.15s 


10 


16.49 


0.417 


01 


16.66 


0.434 


08 


16.23 


0.184 


03 


" .808 


16.48 


0.2II 


07 


16.66 


0.386 


10 


16.12 


0.164 


08 


16.23 


0.426 


25 


16.60 


0.443 


03 


16.16 


0.193 


15 


" .820 


16.60 


0.223 


02 


16.70 


0.398 


06 


16.49 


0.176 


20 


16.49 


0.438 


01 


16.66 


0.4S5 


09 


16.49 


0.205 


IS 


" .828 


16.48 


0.231 


12 


16.82 


0.406 


06 


16.36 


0.184 


01 


16.49 


0.446 


02 


16.60 


0.463 


°s 


16.49 


0.213 


13 


" .840 


16.56 


0.243 


06 


16.70 


0.418 


06 


16.36 


0.196 


07 


16.00 


0.458 


43 


16.16 


0.475 


00 


16.23 


0.225 


16 


" .850 


16.41 


0.253 


22 


16.82 


0.428 


06 


16.23 


0.206 


26 


16.00 


0.468 


19 


14.98 


0.485 


22 


16.36 


0.23s 


05 


" .864 


16.60 


0.267 


06 


16.82 


0.442 


07 


16.36 


0.220 


20 


15.70 


0.482 


00 


14.41 


0.499 


03 


16.36 


0.249 


08 


" -873 


16.60 


0.276 


07 


16.70 


0.451 


04 


16.60 


0.229 


00 


15.70 


0.491 


23 


14.22 


0.003 


II 


16.49 


0.258 


OS 



OBSERVATIONS OF THE VAKIABLES 
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J.D. 


No. 55. Per. o4.Sios7 


No. 56. Per. o*.. 


W545 


No. 57- Per. o*.si297 


No. 58. Per. o'.sidTi 


No. 59. Pet. o<.s888i 


No. 60. Per. o'.ToyTa 1 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


d. 
3372527 


15-70 


d. 
0.147 


27 


16.23 


d. 
0.337 


14 


16.70 


d. 
0.327 


02 


16.06 


d. 
0.347 


30 


16.66 


d. 
0.452 


JI 


15.28 


d. 
0.125 


R 


3377.517 


16.49 


0.362 


22 


16.23 


0.373 


05 


16.70 


0.187 


32 


16.24 


0.170 


54 


16.00 


0.142 


00 


15.85 


O.161 


09 


3383-513 


14.79 


0.522 


00 


15.44 


0.423 


18 


15.08 


0.028 


34 


14.79 


0.482 


06 


16.49 


0.250 


10 


16.49 


0.496 


18 


3384.514 


16.82 


0.461 


06 


15.28 


0.433 


21 


14.46 


0.003 


18 


16.06 


0.450 


106 


15.08 


0.074 


31 


15.44 


0.081 


00 


3664.674 


16.66 


0.480 


10 


15.28 


0.168 


55 


15-44 


0.081 


20 


15.18 


0.036 


50 


16.36 


0.549 


06 


15.28 


0.692 


20 


3691.533 


16.36 


0.280 


07 


15.70 


0.273 


53 


16.06 


0.266 


60 


14.74 


0.026 


10 


16.66 


0.323 


06 


16.00 


0.657 


28 


" .643 
3692.540 


16.82 


0.390 
0.226 


08 


16.23 
16.36 


0.383 
0.289 


04 
09 








15.08 
15.08 


0.136 
0.000 


30 

R 


16.82 


0.433 
0.152 


05 
36 


15.44 
16.23 


0.060 


14 
01 


15.85 


II 


15.90 


0.247 


72 


15.70 


0.249 


4067.520 


14.98 


0.093 


II 


15.70 


0.214 


34 


16.70 


0.246 


08 


16.41 


0.365 


13 


15.49 


0.060 


23 


15.85 


0.137 


05 


4071.577 


16.82 


0.436 


05 


16.41 


0.307 


09 


16.66 


0.199 


21 


15.54 


0.288 


R 


14.79 


0.584 


08 


15.18 


0.656 


53 


4073585 


16.66 


0.322 


II 


16.49 


0.333 


12 


16.60 


0.155 


47 


15.90 


0.230 


29 


16.66 


0.237 


10 


16.66 


0.541 


07 


4077.492 


15.49 


0.515 


00 


16.49 


0.277 


26 


15.54 


0.471 


30 


14.26 


0.003 


34 


15.13 


0.022 


19 


16.23 


0.201 


II 


" .581 


15.08 


0.073 


13 


15.70 


0.366 


63 


15.03 


0.047 


II 


14.74 


0.092 


28 


16.00 


O.III 


26 


16.49 


0.290 


15 


4078.492 


16.94 


0.454 


18 


16.49 


0.286 


23 


16.70 


0.445 


03 


14.41 


0.486 


28 


16.82 


0.434 


06 


16.66 


0.494 


01 


4079493 


16.94 


0.394 


20 


16.49 


0.296 


21 


16.70 


0.420 


04 


14.79 


0.454 


17 


16.82 


0.257 


20 


15.70 


0.079 


28 


" .579 


16.82 


0.480 


06 


15.44 


0.382 


75 


14.79 


0.506 


05 


14.64 


0.023 


00 


16.66 


0.343 


07 


16.00 


0.165 


04 


4437.550 


16.49 


0.316 


02 


15.70 


0.142 


01 


16.94 


0.424 


20 


15.80 


0.431 


R 


16.66 


0.317 


05 


15.28 


0.030 


16 


4456.502 


15.70 


0.167 


10 


15.85 


0.267 


35 


16.66 


0.396 


08 


15.80 


0.264 


52 


16.82 


0.428 


06 


16.66 


0.581 


10 


" -575 


16.49 


0.240 


45 


16.36 


0.340 


02 


16.70 


0.469 


10 


16.06 


0.337 


30 


16.82 


0.501 
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R 
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16.49 
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16 


15.54 
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0.285 
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16.66 


0.316 
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07 
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0.551 
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0.157 
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16.66 
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16.66 
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0.415 
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0.015 


06 


16.66 
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00 


" .788 
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0.024 
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0.375 
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0.036 
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0.387 
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16.24 
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0.509 
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0.408 
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0.045 
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0.396 
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30 


16.88 


0.409 
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0.417 
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0.317 
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0.440 
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0.340 
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00 


16.21 
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05 


16.82 


0.295 


13 


16.06 


0.246 


17 


" .777 


16.49 


0.315 


00 


15.08 


0.022 


14 


16.66 


0.338 
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16.88 
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16.82 
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10 
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06 


15.08 
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0.261 
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15 


" .840 
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0.095 


28 


16.66 


0.41 1 


08 


16.60 
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0.434 
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0.326 


12 


16.66 
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ANNALS OF BARVASD COLLEGE OBSERVATORY 



J.D. 


No. 61. Per. o'. 52095 1 


No. 62. Per. 0^.65241 1 


No. 63. Per. 0^.57042 


No. 64. Per. 0^.60546 


No. 65. Per. 0^.66834 


No. 66. Per. 0^.62024 1 
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16.41 


0.270 
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16.06 


0.517 
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0.374 


21 


15.44 
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09 


15.44 
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0.164 
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44 


16.41 


0.569 


^9 


16.49 


0.426 
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0.466 
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15 
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15.18 
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24 
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14.69 
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0.287 
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37 
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0.169 


03 
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0.442 


06 


16.23 


0.253 


II 


4078.492 


16.60 


0.348 


06 


15.44 


0.546 
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0.302 


01 


16.22 
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3S 


14.79 


0.017 


21 


15.28 


0.544 


89 
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0.307 


06 
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0.242 
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0.265 
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0.349 
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" .579 
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0.249 


06 
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07 
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0.435 


13 


16.49 


0.390 


04 


4437.550 
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0.471 


06 


15.54 
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15.08 


0.566 
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16.48 


0.495 
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15.54 


0.176 


26 


16.36 


0.483 


07 


4456.502 


16.31 


0.148 


12 


16.24 


0.158 


04 


15.80 


0.124 


12 


15.59 


0.072 


01 


16.36 


0.415 


^5 
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II 
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16.36 


0.221 


21 


16.60 


0.231 
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0.197 
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0.145 


04 


16.70 


0.488 


12 


16.36 


0.280 


04 


4839.480 
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0.228 


02 


16.41 
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16.48 


0.350 
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0.400 
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16.31 


0.434 
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4840.523 
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4841.472 
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0.060 
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15.44 


0.575 
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16.36 


0.421 


16 
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0.008 


45 
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02 


16.56 


0.237 


08 


15.85 
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18 
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^5 
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16.94 
16.S 

IS-S4 
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0.069 
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0.107 
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16.23 
16.49 
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16.56 


0.465 
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16.06 


O.161 
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15.98 


0.223 
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" -779 


15.85 


O.IOI 
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16.66 


0.485 


06 


16.66 


0.503 


05 


16.41 


0.199 


03 


16.06 


0.261 


06 


16.49 


0.512 


13 


" .788 


16.06 


O.IIO 


27 


16.70 


0.494 


12 


16.66 


0.512 


10 


16.31 


0.208 


09 


16.31 


0.270 


16 


16.23 


0.521 


II 


" .800 


16.16 


0.122 


17 


16.51 


0.506 


04 


16.16 


0.524 
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16.41 


0.220 


03 


16.16 


0.282 


03 


16.12 


0.533 
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" .809 


16.24 


0.I3I 
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16.41 


0.515 


06 


15.54 


0.533 
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16.56 


0.229 


10 


16.31 


0.291 


09 


16.00 


0.542 


20 


" .822 


16.16 


0.144 
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16.16 


0.528 
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14.79 


0.546 
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16.41 


0.242 


08 


16.24 


0.304 


02 


16.00 


0.55s 
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" .830 


16.31 


0.152 


09 


16.06 


0.536 


03 


14.46 


0.554 
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16.56 


0.250 


05 


16.31 


0.312 


02 


15.85 


0.563 


02 


" .843 


16.41 


0.165 


09 


16.41 


0.549 


65 


14.41 


0.567 


34 


16.41 


0.263 


12 


16.31 


0.325 


01 


15.70 


0.576 


10 


" .853 


16.41 


0.175 


03 


15.90 


0.559 


29 


14.46 


0.006 


28 


16.70 


0.273 


14 


16.41 


0.335 


06 


15.70 


0.586 


36 


5161.713 


15.08 


0.514 
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16.16 
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16.60 
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16.31 


0.528 
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04 


16.23 


0.205 
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15.18 
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16.24 


0.123 


21 


16.70 


0.305 


10 


16.24 


0.537 
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16.66 


0.536 


06 


16.23 


0.214 


06 


" .735 


15.08 


0.015 


31 


16.16 


0.136 


01 


16.66 


0.318 


06 


15.90 


0.550 


01 


16.60 


0.549 


00 


16.23 


0.227 


08 


" .744 


14.79 


0.024 


00 


16.24 


0.145 


00 


16.70 


0.327 
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15.54 


0.559 
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16.56 


0.558 
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16.36 


0.236 
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" .756 


15.18 
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16.36 


0.157 
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0.339 
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15.80 
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16.60 


0.570 
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15.18 


0.044 
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16.16 


0.165 
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16.60 


0.347 
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0.579 
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16.56 


0.578 
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16.23 


0.256 
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15.18 


0.057 
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16.36 


0.178 
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0.591 
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15.85 
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0.187 
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0.600 
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0.079 
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16.36 
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14.79 
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16.41 
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0.088 
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16.16 
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15.18 
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0.634 
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16.49 
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15.90 
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16.41 
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14.95 
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14.79 


0.642 
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16.49 
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" .840 
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0.241 
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14.84 
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16.49 
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0.059 
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01 
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12 
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08 
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OBSERVATIONS OF THE VARIABLES 
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No. 67. Per. 0^.56837 
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3692.540 
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4071.577 

4073.585 
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4079.493 
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4456.502 
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4839.480 

4840.523 
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.788 
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.822 

.830 

.843 
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5161.713 
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6.00 
6.82 
6.23 

5.49 

5.49 
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6.36 

5.28 

6.66 

5.85 
6.49 

6.12 

6.82 

5.-28 
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6.82 
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6.49 
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439 

525 
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547 
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04 
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20 

27 
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0. 


16.66 


0. 


15.90 


0. 


15.18 


0. 


15.44 


0. 


16.36 


0. 


15.54 


0. 


16.31 


0. 


15.44 


0. 


16.06 


0. 


14.79 


0. 


15.08 


0. 


16.06 


0. 


16.24 


0. 


16.45 


0. 


16.31 


0. 


16.12 


0. 


16.41 


0. 


16.56 


0. 


16.66 


0. 


16.26 


0. 


15.44 


0. 


15.44 


0. 


15.54 


0. 


15.85 


0. 


14.92 


0. 


14.69 


0. 


14.69 


0. 


14.74 


0. 


15.08 


0. 


14.92 


0. 


15.08 


0. 


15.44 


0. 
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0. 
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0. 


15.39 


0. 


15.08 


0. 


14.79 


0. 


15.08 


0. 


14.79 


0. 


14.79 


0. 


14.69 


0. 
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0. 


15.08 


0. 


15.08 


0. 


14.69 


0. 


15.49 


0. 


15.44 


0. 


15.44 


0. 


15.66 


0. 



d. 

.476 
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.040 
.002 

•314 
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•095 

.368 

•457 

•329 
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.378 
,101 
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.216 

.046 

.084 

.093 
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114 
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148 
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.002 
.011 
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.031 
.044 
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.066 

.075 
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•09s 
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117 
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31 

50 
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19 

75 
46 

64 
71 

R 

23 
25 

04 

04 
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10 

94 
21 

37 
81 
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46 
18 
40 
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02 

27 

34 
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16 

43 

37 
16 

07 

R 
R 

09 

17 
16 

II 

II 
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21 

17 
09 

37 

31 
14 

00 
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d. 
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d. 



15.18 



6.41 

6.8 
6.66 
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6.56 

4.79 
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6.60 
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6.60 
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03 
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357 

467 
231 
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213 
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462 
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328 

196 

282 
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416 

489 

373 
282 

098 

129 
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409 

418 
430 
439 
452 
460 

473 
483 
210 

219 
232 
241 

253 
261 

274 

283 

296 

305 
317 
325 
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347 
361 
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26 

• • 

09 
48 

05 

51 
46 

04 
06 

32 

07 

53 
01 

54 
31 
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48 

47 



01 

03 

04 

05 
06 

01 

03 

47 

30 
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08 

03 
oS 

00 

01 

06 

03 
04 

15 
04 

04 
00 

II 

03 
03 



4.79 

5.49 
6.60 

6.06 

5.18 

4.69 
5.90 
5.08 

5.54 
4.79 
4.79 
4.84 
5.90 
5.39 
5.13 
5.54 
5.18 
5.18 
5.08 

5.80 
5.18 

5.49 
5.44 
5.44 
5.13 
5.54 
5.54 

5.44 
5.08 
5.08 
5.08 
5.08 

5.18 
5.18 
6.12 

5.85 
5.90 

5.8s 

5.44 

5.44 

5.13 
5.08 

5.18 
5.18 
5.18 

4.84 
5.08 

5.08 

4.79 
4.69 



6.06 
6.70 
6.36 
5.18 
6.12 

5.90 
6.66 

5.59 
6.06 

6.66 

5.90 
6.41 

6.70 

6.06 

5.80 

5-54 

5.44 
6.70 

6.66 
6.36 
6.70 
6.36 
6.70 



d. 
0.126 

0.175 

Q.I3I 
0.034 

0.184 

0.140 

0.250 

0.049 

0.034 

0.248 

0.060 

0.124 

0.213 

0.025 

0.478 

0.014 

O.OII 

0.296 

0.369 

0.044 

0.538 

0.389 

0.420 



6.70 

6.48 

6.36 

6.56 
6.56 

6.56 

6.46 
6.66 
6.60 

5.49 
5.18 

4.74 

4.69 

4.79 
4.84 

4.79 
5.44 
5.80 

5.54 
:6.i6 

6.31 

6.16 

6.16 

6.56 

6.70 
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0.155 
0.164 

0.176 

0.185 

0.198 

0.206 

0.219 

0.229 

0.540 

0.549 
0.013 

0.022 

0.034 

0.042 

0.055 
0.064 

0.077 

0.086 

0.098 

0.106 

0.118 

0.128 

0.142 

0.151 
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22 
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09 
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OS 
13 
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06 
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18 
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R 

25 
52 
R 
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01 

R 

R 
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52 
08 

08 

09 
07 

04 

07 

09 
02 

55 
27 
27 
43 
45 
51 
72 

25 
01 

39 

15 
21 

02 

08 

22 

32 



7.2 

6.41 

6.70 

4.46 
6.70 

6,g 
6.60 

7.04 
6.94 
4.57 
6.94 
6.94 

7.04 

4.69 
5.08 

4.69 
7.04 

6.92 

6.41 

6.60 

6.51 

6.70 

6.8 

4.36 
6.88 

6.82 

6.88 

6.94 

6.94 

6.94 
6.76 

6.51 
5.08 
6.82 

6.94 

6.94 

6.94 
6.70 

5.44 
4.41 

4.26 

4.31 
4.36 
4.41 

4.69 
5.08 

4.89 
5.08 

5-18 
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d. 

3<^7 

340 
407 

040 
170 
120 

230 

215 

302 

254 
438 

240 

329 
328 

417 
047 

455 

252 

325 

127 

258 
294 
325 

393 
425 
3" 
349 
358 
370 

379 
392 
400 

413 

423 

371 
380 

393 
402 

414 

422 

435 
444 
001 

010 
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030 
042 
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066 
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49 
14 
24 
07 
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10 
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10 
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14 
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30 
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20 

03 
22 

25 
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20 
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01 

09 

03 

04 

04 
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10 

36 
06 
00 
02 



28 



ANNALS OF HARVAM) COLLEGE OBSERVATORY 



J.D. . 



No. 73. Per. not det'd. 



No. 74. Per. o'.493is 



No. 75. Per. not det'd. 



No. 76. Per. ©'.50175 



No. 77- P«r. 0^.45934 



No. 78. Per. 0^.61 192 
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Phase 



Res. 



Magn. 



Phase 



Res. 



Magn. 



Phase 



Res. 



Magn. 



Phase 



Res. 



Magn. 



Phase 



Res. 



Magn. 



Phase 



Res. 



d. 

3372.527 

3377-517 

3383-513 
3384.514 

3664.674 

3691-533 

" .643 
3692.540 

4067.520 

4071.577 

4073-585 
4077.492 

" .581 
4078.492 
4079.493 

•579 
4437-550 
4456.502 

" .575 
4839.480 

4840.523 

4841.472 

•503 

•571 
.603 

5160.741 
•779 



it 



(I 



(< 



(( 



(( 



.788 
.800 
.809 
.822 
.830 

.843 

-853 
S161.713 

.7^22 

•735 
.744 
-756 
.764 

•777 
.786 

•799 
.808 

.820 

.828 

.840 

.850 

.864 

.873 
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it 
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it 



it 



it 



it 



it 



it 



a 



it 



n 



it 



it 



it 



tt 



a 



it 



6.60 

5-^9 
5-90 
6.22 

6.41 

6-5 
6.8 

6.8 

6.41 

6.70 

6.16 

6.48 

6.60 

5-94 
6.48 

6.41 

5.80 

6.16 

6.60 

6.31 

6.06 

6.41 

5-85 
5-54 

5-85 
6.21 

6.06 

6.41 

6.16 

5-98 
6.12 

5.80 

5-94 
5-90 
6.36 
6.31 
6.36 
6.41 
6.41 
6.24 
6.41 
6.41 
6.60 
6.41 
6.66 
6.41 
6.60 
6.41 
6.66 
6.48 



6.60 
6.41 

6.94 
6.70 
5.08 



i, 
0.269 

0.338 
0.428 

0.445 
0.079 



d. 



5.18 

6.66 

6.70 

4.69 

5.08 

4.69 

5.18 

4-89 

4.79 
6.06 

6.^4 

4.84 

6.02 

6.31 

6.60 

6.56 

6.70 

6.98 



0.472 

0.385 

0.347 
0.466 

0.014 

0.476 

0.072 

0.491 

0.016 

0.102 

0.280 

0.038 

0.1 1 1 

0.123 

0.182 

0.147 

0.178 

0.246 



5-13 

5-44 

4.79 

5-85 
5-80 

5-44 

5-49 
6.24 

6.06 

4.69 

4.79 
4-74 
4.64 

5-18 

4.79 
5-44 

544 
6.06 

5-90 

5-54 
5.80 

6.36 

6.31 

6.41 

6.50 



O.OIO 

0.048 

0.057 

0.069 
0.078 
0.091 
0.099 

O.II2 
0.122 
0.490 
0.007 
0.020 
0.029 
0.041 
0.049 
0.062 
0.071 
0.084 

0.093 
0.105 

O.II3 

0.125 

0.135 
0.149 

0.158 



18 

37 

17 
00 

40 



34 
08 

2Q 

31 
13 

22 
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01 

17 
16 

08 

02 
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06 

14 
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36 
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31 

23 
12 

07 

03 

07 
24 

19 
27 

18 

04 
52 
16 

37 

23 

17 
00 

03 
00 



5.18 
5-54 
5-44 
5-08 
5.18 
6.36 
5-08 

5-54 
5-54 
5-54 
5-18 
6.24 

5-32 

5-85 
5-08 

5-44 
5-44 

5-39 
6.56 
6.31 

5-44 

5-54 
5.18 

5.85 

5^85 
6.60 

6.36 

6.41 

6.41 

6.41 

6.26 

6.24 

6.36 

6.12 

6.24 

6.41 

6.31 

6.31 

6.31 

6.36 

6.36 

6.41 

5-54 

5.85 
4.69 

4-79 

5-13 

4-79 
5-08 

4-79 



14.79 
16.82 

16.82 

16.82 



d. 
0.486 

0.459 
0.434 
0.431 



21 

08 

05 
05 



16.49 
14.92 
16.49 

15^44 

15.85 

15-85 
14.41 

15-49 
14.69 

14.60 

15-49 
16.82 

16.00 

16.49 



0.379 
0.489 

0.383 
0.054 

0.097 

0.098 

0.492 

0.080 

0.489 

0.486 

0.071 

0.294 

0.180 

0.252 
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00 

28 

67 

44 

43 
29 

31 
10 

50 

57 
II 
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09 



16.82 
16.82 
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0.307 
0.338 



06 

09 
07 



5-54 

5-44 
5-08 

6.06 



d. 
0.107 

0.044 

0.069 

0.151 



6.41 

4.74 
5-90 
6.41 

5-o8 
6.94 

4.74 

5-63 
5.80 

6.70 

7,04 

6.94 
4.69 

5-90 
6.60 

4-84 
5-90 
5-54 



6.82 

4-31 
4.22 

4-36 
4.46 

4.50 
4.50 
4-74 
4.50 
6.36 
6.66 
6.82 
6.82 
6.36 

5.85 
4.69 

4.22 

4-31 
4-36 
4.41 

4-50 
4-74 
4-79 
5-13 
5.13 



0.463 
0.501 
0.008 
0.020 
0.030 
0.042 
0.050 
0.064 
0.074 

0.432 
0.441 

0.454 
0.463 

0.475 
0.483 
0.496 
0.003 
0.016 
0.025 
0.037 
0.04S 
0.057 
0.067 
0.081 
0.090 



12 

05 

05 
01 

01 

10 

22 

20 

60 

II 

07 
10 

24 
08 

29 

02 

02 

04 

II 

14 
08 

18 

08 

19 



6.60 
6.31 
6.56 
6.4.1 
6.56 
6.60 
6.41 
6.70 
6.41 
6.70 
6.41 
6.41 
6.60 
6.60 
6.60 
6.94 
6.82 

6.94 
6.70 
6.88 
6.88 
6.88 
6.66 
6.94 
6.88 



0.202 
0.441 
0.419 
0.119 
0.042 
0.212 
0.444 
0.074 
0.066 
0.149 

0.235 
0.380 

0.040 

0.113 

0.387 
0.052 

0.083 

0.114 



O.IIO 

0.148 

0.157 
0.169 

0.178 

0.191 

0.199 

0.212 

0.222 

0.164 

0.173 
0.186 

0.195 

0.207 

0.215 

0.228 

0.237 

0.250 

0.259 

0.271 

0.279 

0.291 

0.301 

0.315 
0.324 
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04 

^7 
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09 
II 

62 
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21 

05 
52 
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R 
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16 

09 
20 
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01 
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03 
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04 
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03 
09 
14 

17 

02 

10 

17 
01 

02 

03 
25 
03 
03 



6.36 
6.60 
6.60 

5-70 



d. 
0.402 

0.497 
0-373 

O.I 51 



4-36 

5-13 
6.49 

6.49 

5.18 

6.49 

5.85 
5-08 

6.23 

5-70 
6.00 

5-80 

5-44 
6.00 

5-49 
6.49 

6.49 
6.49 

6.23 



4-50 
4.41 

4.50 
4.46 
4.46 
4.69 
4.69 
4.98 

5-13 
6.36 
6.49 
6.49 

6.49 
6.36 
6.49 
6.49 
6.60 
6.49 
6.49 
6.60 
6.60 
6.60 
6.60 
6.36 
6.66 



0.598 
0.096 
0.381 

0.254 
0.027 
0.200 

0.435 
0.524 
0.211 

0.600 
0.074 
0.072 

0.055 
0.128 

0.583 
0.402 

0.127 

0.158 

0.226 



16 
18 
09 
42 



0.586 
0.012 
0.021 
0.033 
0.042 

0.055 
0.063 

0.076 

0.086 

0.334 
0.343 
0.356 

0.365 

0.377 

0.385 
0.398 

0.407 

0.420 

0.429 

0.441 

0.449 
0.461 

0.471 

0.485 

0.494 
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04 
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47 
16 
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79 
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R 

08 
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OBSERVATIONS OF THE VARIABLES 
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J.D. 


No. 79. Per. 0^.48388 


No. 80. Per. o'.53934 


No. 8x. Per. o'.sapio 


No. 82. Per. 0^.52526 


No. 83. Per. o'.soi245 


No. 84. Per. 0^.59573 1 
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Magn. 
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d. 
3372.527 


16.16 


d. 
> 0.441 


75 


14.79 


d. 
) 0.047 


' 10 


16.76 


d. 
) 0.40^ 


' 03 


15.1^ 


d. 
\ 0.512 


'■ 25 


I4-5C 


d, 
) 0.075 


r 23 


16.4] 


d. 

: 0.26c 


> 05 


3377.5x7 


15-44 


. 0.108 


; 28 


16.41 


0.183 


» 35 


15.44 


[ 0.106 


> 07 


16.82 


\ 0.25c 


> 00 


14.46 


> 0.055 


; 16 


16.7c 


> 0.484 


\ II 


3383-513 


16.41 


0.298 


< 16 


16.48 


» 0.246 


) 03 


16.7c 


> 0.282 


• 01 


16.36 


) 0.468 


; 17 


14.65 


) 0.36 


13 


16.31 


0.523 


; 00 


3384.514 


16.12 


0.331 


50 


16.06 


0.165 


> 13 


16.41 


0.22s 


; TO 


16.82 


0.418 


; 06 


14.6c 


> 0.034 


^ 05 


16.7c 


> 0.332 


• 16 


3664.674 


16.36 


0.324 


■ 25 


16.7c 


» 0.41 1 


02 


15.54 


. 0.491 


06 


14.84 


. 0.085 


) 18 


15-4-1 


, 0.495 


1 85 


16.7c 


> 0.495 


1 12 


3691.533 


16.5 


0.086 




16.41 


0.303 
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i6,s 


0.366 


> . . 


16.12 


o.i6c 


\ 00 


16.82 


0.291 


03 


1544 


0.55c 


\ 04 


" .643 


16.66 


0.196 


39 


16.36 


0.413 


32 


16.36 


0.476 


00 


16.49 


0.270 


1 36 


16.82 


0.401 


03 


15.80 


1 0.065 


19 


3692.540 
4067.520 


16.41 


0.125 
0.098 


R 


16.06 


0.231 
0.370 


37 
06 








15.13 
14.98 


0.117 
0.061 


06 


16.82 


0.296 
0.344 


03 
14 


16.55 
15.49 


0.366 
0.036 


04 
42 


15.80 


18 


16.76 


16.98 


0.163 


R 


07 


16.70 


4071.577 


16.60 


0.284 


06 


15.44 


O.II2 


02 


14.69 


0.516 


07 


16.82 


0.441 


04 


16.82 


0.391 


02 


15.18 


0.519 


130 


4073.585 


16.60 


0.357 


06 


14.69 


0.502 


28 


16.60 


0.408 


^3 


16.82 


0.348 


06 


16.82 


0.394 


02 


16.16 


0.144 


01 


4077.492 


16.60 


0.393 


07 


15.54 


0.095 


30 


15-13 


0.82 


01 


15.13 


0.053 


25 


16.94 


0.292 


15 


16.16 


0.476 


44 


" .581 


1513 


0.482 


23 


16.41 


0.184 


33 


16.41 


O.171 


25 


16.36 


0.142 


68 


16.98 


0.381 


14 


15.13 


0.565 


05 


4078.492 


15.80 


0.425 


54 


14.69 


0.016 


07 


15-13 


0.024 


35 


14.69 


0.03 


20 


16.94 


0.289 


16 


16.60 


0.285 


10 


4079.493 


14.69 


0.458 


43 


15.08 


0.478 


31 


14.69 


0.495 


23 


15.44 


0.478 


07 


16.98 


0.288 


20 


16.06 


0.094 


15 


" .579 


15.44 


0.060 


20 


14.79 


0.024 


00 


15.18 


0.052 


30 


14.98 


0.039 


12 


16.98 


0.374 


14 


16.41 


0.180 


13 


4437.550 


15-13 


0.444 


22 


16.41 


0.413 


27 


16.70 


0.352 


06 


16.82 


0.308 


06 


16.00 


0.456 


00 


15.90 


O.I18 


16 


4456.502 


15.08 


0.041 


03 


15.54 


0.488 


37 


16.70 


0.256 


07 


17.15 


0.351 


27 


16.82 


0.360 


02 


14.84 


0.006 


01 


" .575 


16.06 


O.II4 


26 


14.79 


0.022 


02 


16.8 


0.329 


• • 


16.82 


0.424 


05 


16.82 


0.433 


01 


15.90 


0.079 


II 


4839.480 


17.04 


0.270 


55 


15.08 


0.535 


31 


15.90 


0.166 


^9 


16.82 


0.414 


06 


16.98 


0.387 


14 


15.80 


0.526 


40 


4840.523 


16.60 


0.345 


04 


15.44 


0.499 


44 


16.16 


0.150 


25 


16.82 


0.407 


06 


16.60 


0.428 


22 


16.41 


0.377 


18 


4841.472 


16.70 


0.326 


08 


16,60 


0.369 


10 


14.79 


0.041 


04 


16.82 


0.305 


04 


16.94 0.374 


10 


15.49 


0.135 


64 


" .503 


16.92 


0.357 


26 


16.70 


0.400 


00 


15.08 


0.072 


04 


16.82 


0.336 


06 


16.82 


0.405 


02 


16.31 


0.166 


08 


" .571 


i6.g 


0.425 


• • 


15.44 


0.468 


33 


V-54 


0.140 


25 


16.82 


0.404 


06 


14.50 


0.473 


32 


16.36 


0.234 


05 


" .603 
5160.741 

" .779 
" .788 


14.79 
15-54 
16.16 


0.4S7 
0.234 

0.272 

0.281 


35 

S5 

34 
46 








16.12 


0.172 
0.263 
0.301 
0.310 


04 
06 


16.66 


0.436 


21 


14.74 
16.82 


0.004 

0.350 
0.388 

0.397 


18 


16.12 


0.266 


35 
16 


16.60 


0.349 
0.387 

0.396 


10 


16.60 


^b ^^ • ^^ ^^ 


mm A 


02 


16.06 


0.092 
0.130 
0.139 


16.66 


04 
07 


16.66 


06 








16.70 
16.82 


02 


16.16 


04 


16.06 


16.76 


16.76 


03 


16.98 


0.263 


15 


16.06 


09 


" ■ .800 


16.41 


0.293 


14 


16.66 


0.408 


03 


16.76 


0.322 


01 


17.04 


0.275 


19 


16.60 


0.409 


24 


16.16 


O.I5I 


03 


" .809 


16.56 


0.302 


02 


16.70 


0.417 


02 


16.88 


0.331 


12 


16.98 


0.284 


12 


16.66 


0.418 


17 


16.36 


0.160 


14 


" .822 


16.41 


0.315 


19 


16.60 


0.430 


08 


16.70 


0.344 


06 


16.98 


0.297 


II 


16.82 


0.431 


01 


16.31 


0.173 


05 


" .830 
" .843 


i6.'^i 


0.323 
0.336 


31 
07 


16.70 
16.60 


0.438 
0.451 


02 


16.76 
16.60 


0.352 
0.365 


00 








16.82 


0.439 
0.452 


03 
00 


16.41 


O.181 


12 


16.56 


03 


16 


16.82 


0.318 


05 


16.36 


16.16 


0.194 


17 


" .853 


16.79 


0.346 


14 


16.70 


0.461 


18 


16.70 


0.375 


06 


16.98 


0.328 


10 


14.98 


0.462 


04 


16.48 


0.204 


12 


5161.713 


16.06 


0.239 


35 


16.66 


0.242 


17 


16.22 


0.177 


01 


15.28 


0.137 


23 


16.82 


0.320 


01 


16.60 


0.469 


00 


" .722 


16.06 


0.248 


3S 


16.70 


0.251 


17 


16.41 


0.186 


14 


16.36 


0.146 


56 


16.94 


0.329 


II 


16.80 


0.478 


20 


" -735 


16.12 


0.261 


35 


16.70 


0.264 


13 


16.41 


0.199 


04 


16.36 


0.159 


31 


16.70 


0.342 


14 


16.70 


0.491 


II 


" .744 


16.31 


0.270 


18 


16.70 


0.273 


09 


16.36 


0.208 


07 


16.36 


0.168 


00 


16.70 


0.351 


14 


16.56 


0.500 


01 


" .756 


16.41 


0.282 


12 


16.60 


0.285 


03 


16.56 


0.220 


07 


16.49 


0.180 


00 


16.82 


0.363 


02 


16.41 


0.512 


II 


" .764 


16.36 


0.290 


19 


16.70 


0.293 


04 


16.36 


0.228 


15 


16.66 


0.188 


12 


16.94 


0.371 


10 


16.60 


0.520 


19 


" .777 


16.31 


0.303 


27 


16.70 


0.306 


02 


16.70 


0.241 


II 


16.66 


0.201 


01 


16.66 


0.384 


JP 


15.85 


0.533 


24 


" .786 


16.41 


0.312 


19 


16.70 


0.315 


01 


16.56 


0.250 


06 


16.70 


0.210 


00 


16.82 


0.393 


02 


15.54 


0.542 


08 


" .799 


16.60 


0.325 


02 


16.76 


0.328 


06 


16.60 


0.263 


06 


16.82 


0.223 


06 


16.82 


0.406 


02 


15-44 


0.555 


04 


" .808 


16.56 


0.334 


07 


16.66 


0.337 


04 


16.70 


0.272 


03 


16.82 


0.232 


04 


16.82 


0.415 


02 


15.44 


0.564 


26 


" .820 


16.60 


0.346 


04 


16.60 


0.349 


10 


16.76 


0.284 


06 


16.70 


0.244 


II 


16.82 


0.427 


00 


14.79 


0.576 


24 


" .828 


16.66 


0.354 


00 


16.70 


0.357 


00 


16.60 


0.292 


II 


16.82 


0.252 


00 


16.82 


0.435 


01 


14.79 


0.584 


13 


" .840 


16.66 


0.366 


01 


16.85 


0.369 


15 


16.76 


0.304 


03 


16.98 


0.264 


14 


16.66 


0.447 


00 


14.79 


0.000 


04 


" .850 


16.66 


0.376 


02 


16.66 


0.379 


04 


16.88 


0.314 


14 


16.94 


0.274 


10 


15-28 


0.457 


00 


14.74 


O.OIO 


10 


" .864 


16.70 


0.390 


02 


16.76 


0.393 


06 


16.94 


0.328 


18 


17.04 


0.288 


18 


14.50 


0.471 


30 


15.08 


0.024 


16 


" .873 


16.88 


0.399 


22 


16.76 


0.402 


06 


16.76 


0.337 


00 


16.98 


0.297 


II 


14.41 


0.480 


29 


14.79 


0.033 


23 



30 



ANNALS OF HARVARD COLLEGE OBSERVATORY 



J.D. 



No. 85. Per. not det'd. 



No. 86. Per. 0^.41430 



No. 87. Per. not det'd. 



No. 88. Per. 0^.65418 



No. 89. Per. 0^.54848 



No. 90. Per. 0^.51703 



Magn. 



Phase 



Res. 



Magn. 



Phase 



Res. 



Magn. 



Phase 



Res. 



Magn. 



Phase 



Res. 



Magn. 



Phase 



Res. 



Magn. 



Phase 



Res. 



d. 
3372.527 
3377-517 
3383-513 
3384.514 
3664.674 

3691-533 

" .643 
3692.540 

4067.520 

4071.577 

4073-585 
4077.492 

" .581 
4078.492 

4079.493 

" .579 
4437-550 
4456.502 

" .575 
4839.480 

4840.523 

4841.472 

" .503 

" -571 
" .603 

5160.741 

-779 
.788 

.800 

.809 

.822 

.830 

.843 

.853 
5161.713 
.722 

•735 
.744 
.756 
.764 

.777 
.786 

.799 
.808 

.820 

.828 

.840 

.850 

.864 

-873 



d. 



ft 
tt 
tt 
It 
tt 
tt 
tt 



tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 



6.16 
5-90 
5-44 

5-13 
6.36 
5-08 
5.08 
6.41 
6.21 

5-13 
590 
6.06 

5-13 
6.16 

5-44 
6.16 

5.85 
5-90 
5.18 

5-44 
5.18 

5-54 
5-44 
5-44 



5-44 
4.79 
4.79 
5-18 

4.74 
5-18 
5-18 
6.06 

5.85 
6.16 

5-49 
5-44 

5-29 
5-18 
5-08 
5.18 

4.79 

4-84 

4-79 

4.79 

4.79 

4-79 

4.79 

4.79 
4.92 



5-32 

5-44 
6.60 

5-18 

5-80 

5-44 
6.70 

6.79 

5-44 
6.41 

6.60 

5.08 

5.80 

6.24 

5-90 
5.08 

5-13 
5-54 
5-18 
6.70 

5-44 

5-49 
6.31 
6.92 
6.2 

5-44 
6.24 

6.41 
6.31 
6.48 
6.31 
6.60 

6.51 
6.51 
6.56 
6.60 
6.66 
6.66 
6.56 
6.60 
6.60 
6.60 
6.41 
6.16 
5.28 

5-54 

5-29 
5-08 

4.79 
5-29 



d, 
0.027 

0.047 

0.244 

0.002 

0.163 

0.099 

0.209 

0.278 

0.407 

0.322 

0.259 

0.024 

0.113 

0.195 
0.368 

0.040 

0.142 

0.041 

0.114 

0.298 

0.098 

0.219 

0.250 

0.318 

0.350 
0.140 

0.178 

0.187 

0.199 

0.208 

0.221 

0.229 

0.242 

0.252 

0.283 

0.292 

0.305 
0.314 
0.326 

0.334 

0.347 
0.356 
0.369 

0.378 
0.390 

0.398 

0.410 

0.006 

0.0201 

0.029 



24 
31 

04 
12 

03 
II 

32 
22 

38 

17 

03 
00 

41 
00 

30 

03 

45 

43 
21 

12 

13 
97 
25 
33 



^3 

27 
28 

05 
12 

16 

09 
04 

05 

02 

03 
08 

08 

02 

04 
03 
04 
30 
48 
08 

43 
24 
02 

2g 
20 



6.24 
6.41 
5-90 
5-13 
5-54 
5-44 
5-23 
5.85 
5-44 
5.08 

5.08 

5-54 

5-54 
6.12 

5-49 

5-85 
5.08 

5-29 
5-44 
5-44 
5.18 

5-49 
5-18 

5-44 



5-54 

4-74 

4-79 
4.69 

5.08 

5-13 
5.18 

5-44 
5-44 
5-90 
5.98 
6.06 

5-90 
5.80 

5.85 
5-49 
5-90 

5-13 
5-44 
5-18 

4.79 
5-54 
5.18 
5-54 
5.75 



5-49 
5-70 
6.24 

5-70 
6.23 

5.28 

5-49 
5.28 

4.9s 
6.00 

6.050 

5-70 

5-32 
5.28 

5.28 
6.00 
6.23 
4.69 

5-49 
6.23 

6.23 

6.23 

6.00 

5-49 
5.28 

6.23 

6.12 

6^00 

6.23 

5.85 
6.12 

6.00 

6.12 

6.12 

6.12 

6.00 

6.00 

6.00 

6.00 

6.00 

5-70 

5-13 
4.92 

4.92 

4.79 
4.69 

4-79 
4.60 

4.95 
4.98 



d, 
0.527 

0.284 

0.392 
0.085 
0.256 
0.293 
0.403 
0.646 
0.127 
0.259 
0.304 
0.286 

0.37s 
0.632 

0.324 
0.410 

0.545 
0.526 

0.599 

0.154 

0.543 
0.184 

0.215 

0.283 

0.315 
0.213 

0.251 

0.260 

0.272 

0.281 

0.294 

0.302 

0.3IS 

0.325 

0.531 
0.540 

0.553 
0.562 

0.574 
0.582 

0.595 
0.604 

0.617 

0.626 

0.638 

0.646 

0.004 

0.014 

0.028 

0.037 



5^ 

29 

20 

41 
27 

72 

55 

54 

59 

03 
00 

2g 

71 
41 

74 
04 

16 

13S 
02 

51 
17 
41 
II 

50 

R 

34 
16 

03 

25 

14 

13 
00 

II 

II 

06 

07 
04 

02 

02 

08 

03 
10 

^7 
00 

03 
04 

II 

10 

17 
II 



6.49 
6.66 

6.66 

6.49 

5-49 
5.28 

6.00 

4.60 

6.36 

4.99 
6.49 

5.28 

4.69 

6.49 
6.36 
6.23 

5.85 

6.49 
4.60 

5-70 
5.08 

6.66 

6.66 

4.98 
4.69 

6.82 
5.28 
4.98 
4.46 

4.36 
4.26 
4.46 
4.46 
4.46 
6.41 
6.60 
6.49 
6.49 
6.49 

6.49 
6.23 

6.60 

6.70 

6.60 

6.70 

6.60 

6.70 

6.60 

6.36 

5-70 



d. 
0.299 

0.353 
0.316 

0.220 

0.106 

0.090 

0.200 

0.000 

0.368 

0.037 

0.400 

0.468 

0.008 

0.371 
0.275 

0.361 

0.174 
0.478 

0.002 

0.068 

0.014 

0.415 
0.446 

0.514 
0.546 
0.469 

0.507 
0.516 

0.528 

0.537 
0.00 1 

0.009 

0.022 

0.032 

0.344 

0.353 
0.366 

0.375 
0.387 

0.395 
0.408 

0.417 

0.430 

0.439 

0.451 

0.459 
0.471 

0.481 

0.495 
0.504 



02 
08 
12 
20 
08 

19 

13 

24 
18 

13 
136 

18 

II 

10 

36 
21 

13 
12 

49 

54 

03 
00 

00 

21 

18 

00 

02 

21 

20 

21 

04 

23 
32 

17 
02 

II 

II 

12 

12 

39 

03 
06 

04 

05 

05 

07 
00 

00 

00 



6.66 
6.66 
4.64 

5-13 
6.66 

6.66 

4-84 
6.66 

4.50 

6.49 
6.70 

6.12 

6.66 

5-94 

5-44 
6.23 

6.49 

6.23 

6.49 

4.79 

4.95 
6.66 

5-28 

4.84 

5.28 

6.66 

6.82 

6.82 

6.66 

6.66 

6.82 

6.70 

6.66 

6.82 

5.85 

5.85 
6.12 

6.23 

6.36 

6.36 

6.49 

6.49 

6.66 

6.49 

6.66 

6.70 

6.66 

6.66 

6.70 

6.66 



d. 
0.392 

0.211 
0.003 
0.487 
0.417 
0.390 
0.500 
0.363 
0.496 
0.417 

0.357 
0.128 

0.217 

0.092 

0.061 

0.147 

0.333 

0.155 
0.228 

0.014 

0.022 

0.452 
0.483 

0.034 
0.066 
0.199 
0.237 
0.246 
0,258 
0.267 
0.280 
0.288 
0.301 
0.3 1 1 

0.137 
0.146 



0.159 II 



01 
12 

00 

03 
00 

01 

16 

01 

21 

17 

03 

13 
II 

27 
10 

10 

iS 

03 
10 

06 

07 
12 

06 

17 
10 

17 
20 

18 

00 

00 

16 

03 
02 

15 
21 

27 



0.168 
0.180 
0.188 
0.201 
0.210 
0.223 
0.232 
0.244 
0.252 
0.264 
0.274 
0.288 
0.297 



05 
01 

09 
01 

04 

07 

13 
02 

04 
00 

00 

00 

01 



OBSERVATIONS OP THE VARIABLES 
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J.D. 


No. 91. Per. 0^.53018 


No. 92. Per. 0^.50355 


No. 93. Per. 0^.60232 


No. 94. I'er. 0*. 


52370 


No. 9S- Pet- not det'< 


1 

d. No. 96. rer. 0^.49947 1 


Magn. 


Phase 


1CC8* 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. Ph 


ise Res 


Magn. 


Phase 


Res. 


i. 
3372.527 


16.49 


O.161 


30 


15.49 


d. 
0.077 


27 


16.66 


d. 
0.447 


04 


14.50 


d. 
0.017 


23 


d 
13.35 •• 


• 


16.51 


d, 
0.258 


00 


3377.517 


16.70 


0.379 


04 


14.79 


0.032 


09 


14.95 


0.016 


09 


16.66 


0.294 


23 


13.40 .. 




16.60 


0.254 


09 


3383.513 


I4.9S 


0.013 


II 


15.08 


0.488 


07 


14.95 


0.591 


10 


14.79 


0.005 


13 


13.35 •• 




16.49 


0.256 


02 


3384.514 


16.66 


0.484 


06 


15-13 


0.482 


^7 


16.66 


0.388 


04 


16.23 


0.483 


86 


13.50 • • 




16.60 


0.258 


08 


3664.674 


16.00 


0.173 


25 


16.49 


0.165 


II 


16.66 


0.469 


08 


16.82 


0.463 


52 


13.40 .. 




16.23 


0.215 


06 


3691.533 


16.49 


0.523 


156 


16.82 


0.336 


01 


16,1 


0.223 


• ■ 


15.49 


0.090 


41 


13.40 •• 




14.92 


0.103 


41 


" .643 


14.69 


0.103 


III 


16.82 


0.446 


01 


16. 1 


0.333 


• • 


16.49 


0.200 


25 


13.40 .. 




16.36 


0.213 


07 


3692.540 


16.82 


0.469 


08 


16.82 


0.336 


01 


15.49 


0.026 


43 


14.79 


0.049 


36 


13.50 • . 




15.35 


O.III 


07 


4067.520 


16.23 


0.075 


K 


16.70 


O.171 


29 


16.66 


0.363 


04 


16.00 0.060 


67 


13.45 •• 




14.53 


0.489 


15 


4071.577 


16.82 


0.421 


05 


16.82 


0.200 


20 


16.66 


0.203 


01 


15.28 0.451 


140 


13-35 •• 




14.92 


0.050 


II 


4073.585 


16.82 


t>.3o8 


15 


16.94 


0.193 


37 


16.49 


0.405 


21 


16.82 0.364 


08 


13.40 .. 




14.99 


0.060 


07 


4077.492 


14.98 


0.503 


160 


15.70 


0.072 


50 


15.70 


0.095 


00 


16.23 


0.082 


50 


13.35 •• 




14.53 


0.471 


08 


" .581 


15-54 


0.062 


27 


16.66 


O.161 


36 


16.70 


0.184 


06 


16.82 


O.17I 


19 


13.40 .. 




15.08 


0.061 


17 


4078.492 


16.49 


0.443 


28 


15-70 


0.065 


59 


15.49 


0.493 


00 


15.28 0.034 


35 


13.35 .. 




1457 


0.472 


00 


4079493 


16.70 


0.384 


06 


15-70 


0.059 


64 


16.70 


0.289 


00 


14.79 0.512 


07 


13.50 . • 




14.60 


0.474 


08 


" .579 


1570 


0.470 


105 


16.49 


0.145 


39 


16.66 


0.375 


04 


16.OO1 0.074 


40 


13.3s •• 




15.18 


0.061 


26 


4437.550 


14.79 


0.032 


16 


15.08 


0.092 


30 


15.32 


0.568 


25 


16.94 0.358 


04 


14.00 . . 




16.82 


0.41 1 


10 


4456.502 


16.82 


0.428 


05 


16.82 


0.412 


00 


16.82 


0.246 


13 


16.82 


0.457 


32 


13.90 . . 




16.82 


0.383 


II 


" .575 
4839.480 


16.49 
15-44 


0.501 
0.078 


07 
00 


15-70 
16.49 


0.485 
0.189 


42 
04 








14.79 
15.70 


0.006 


12 


14.10 . . 
13.40 .. 




16.31 
16.49 


0.456 
0.268 


00 


16.49 


0.148 


02 


0.086 


II 




06 


4840.523 


15-13 


0.061 


36 


J6.70 


0.225 


05 


15.49 


0.589 


45 


15.70 


0.082 


04 


13.50 . . 




16.79 


0.312 


16 


4841.472 


16.49 


0.480 


24 


16.00 


0.167 


37 


16.49 


0.334 


21 


14.79 


0.508 


00 


13.40 .. 




16.51 


0.262 


02 


" .503 


16.00 


0.511 


15 


16.36 


0.198 


23 


16.60 


0.365 


10 


15.08 0.015 


35 


13.35 ■• 




16.66 


0.293 


05 


" .571 


15.13 


0.048 


OS 


16.49 


0.266 


33 


16.66 


0.433 


04 


15.70 0.083 


06 


13.35 .. 




16.49 


0.361 


21 


" .603 
5160.741 


15-54 

• • • • 


0.080 


06 


16.82 


0.298 

• • • • 


00 


16.00 


0.465 

• • • • 


68 








13.30 . . 

• • • • ■ • 




16.23 
16.23 


0.393 
0.370 


48 
R 


• • • • 


• • 


• « • • 


• • 


• • • • 


• ■ 


• « • • 


• • • • 


• • 




" -779 


16.12 


0.082 


45 


16.82 


0,223 


08 


16.82 


0.373 


12 


16.98 0.357 


08 


13.50 . . 




16.82 


0.408 


10 


" .788 


16.00 


0.091 


33 


16.66 


0.232 


II 


16.82 


0.41 1 


12 


16.94 0.366 


04 


13.40 . . 




16.66 


0.417 


06 


" .800 


16.16 


0.103 


36 


16.82 


0.244 


02 


16.66 


0.432 


04 


16.82 


0.378 


08 


13.40 .. 




16.82 


0.429 


09 


" ,809 


16.16 


0.112 


28 


16.82 


0.253 


01 


16.70 


0.441 


00 


16.94 


0.387 


04 


13.40 .. 




16.82 


0.438 


09 


" .822 


16.12 


0.125 


15 


16.94 


0.266 


12 


16.82 


0.454 


12 


16.70 


0.400 


20 


13.40 .. 




16.82 


0.451 


II 


" .830 


16.49 


0.133 


47 


16.70 


0.274 


13 


16.66 


0.462 


03 


16.82 


0.408 


08 


13.60 .. 




16.12 


0.459 


00 


" .843 


16.49 


0.146 


38 


16.98 


0.287 


IS 


16.23 


0.475 


00 


16.82 


0.421 


08 


13.40 .. 




14.41 


0.472 


20 


" .853 


16.36 


0.156 


22 


16.98 


0.297 


15 


15.70 


0.485 


00 


16.94 


0.431 


05 


13.40 .. 




14.41 


0.482 


02 


5161.713 


16.12 


0.486 


60 


16.00 


0.150 20 


16.36 


0.140 


10 


16.82 


0.244 


04 


1350 . . 




16.70 


0.343 


02 


" .722 


16.00 


0.495 


65 


16.49 


0.159 21 


16.66 


0.149 


14 


16.98 


0.253 


II 


13.50 . . 




16.70 


0.352 


01 


" .735 


15-85 


0.508 


55 


16.36 


0.172 


05 


16.82 


0.162 


21 


16.82 


0.266 


06 


13.50 . . 




16.60 


0.365 


io 


" .744 


15-13 


0.517 


13 


16.49 


O.181 


01 


16.49 


O.171 


14 


16.94 


0.275 


OS 


13.50 . . 




16.70 


0.374 


00 


" .756 


14.98 


0.529 


09 


16.49 


0.193 


09 


16.60 


0.183 


04 


16.82 


0.287 


07 


13.50 .. 




16.51 


0.386 


19 


" .764 


14.79 


0.007 


07 


16.82 


0.201 


19 


16.66 


O.I9I 


00 


16.98 


0.295 


08 


13.50 .. 




16.60 


0.394 


II 


" .777 


14.79 


0.020 


10 


16.70 


0.214 


00 


16.66 


0.204 


00 


16.82 


0.308 


08 


13.40 .. 




16.66 


0.407 


06 


" .786 


14.95 


0.029 


02 


16.60 


0.223 


15 


16.66 


0.213 


01 


16.82 


0.317 


08 


13.50 . . 




16.66 


0.416 


06 


" .799 


15-28 


0.042 


28 


16.82 


0.236 


04 


16.82 


0.226 


14 


16.94 


0.330 


04 


13.50 . . 




16.70 


0.429 


03 


" .808 


14.98 


0.051 


II 


16.70 


0.245 


10 


16.49 


0.23s 


J^P 


16.82 


0.339 


08 


13.50 . . 




16.70 


0.438 


03 


" .820 


14.98 


0.063 


30 


16.94 


0.257 


13 


16.66 


0.247 


03 


16.82 


0.351 


08 


• • • • • • 




16.70 


0.450 


00 


" .828 


15.13 


0.071 


25 


16.98 


0.265 


16 


16.82 


0.255 


13 


16.82 


0.359 


08 


13.50 .. 




16.36 


0.458 


16 


" .840 


15.70 


0.083 


08 


16.82 


0.277 


00 


16.66 


0.267 


03 


16.82 


0.371 


08 


13.50 . . 




14.92 


0.470 


14 


" .850 


16.00 


0.093 


32 


16.82 


0.287 


00 


16.70 


0.277 


00 


16.82 


0.381 


08 


13.50 . . 




14.36 


0.480 


10 


" .864 


16.12 


0.107 


28 


16.82 


0.301 


01 


16.82 


0.291 


12 


16.94 


0.395 


04 


13.50 . . 




14.20 


0.494 


15 


" .873 


16.23 


0.116 


35 


16.98 


0.310 


15 


16.82 


0.300 


12 


16.98 


0.404 


08 


13.50 .. 




14.20 


0.003 


16 



32 



ANNALS OP HASVASB COLLEGE OBSERVATORY 



T. D. 


No. 97. Per. 0^.50428 


No. 08. Per. not det'd. 


No. 99. Per. not det'd. 


No. 100. Per. o'.558i9 


No. loi. Per. ©'.64387 


No. xoa. Per. not det'd. 1 


J* *^* 


Magn. 


Phase 


Res. 


Magn. 


Pbaie 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


d 

3372-527 

3377-517 

3383-513 

3384-514 
3664.674 

3691-533 

" .643 
3692.540 

4067.520 

4071-577 

4073-585 
4077.492 

" .581 
4078.492 

4079.493 

" -579 
4437-550 
4456.502 

" -575 
4839.480 

4840.523 

4841.472 

" .503 

" -571 

" .603 

5160.741 

" -779 
" .788 

" .800 
" .809 
" .822 
" .830 
" -843 

" -853 

S161.713 

" .722 

" .735 
" -744 
" .756 
" .764 

" -777 
" .786 

" -799 
" .808 

" .820 

" .828 

" .840 

" .850 

" .864 

" -873 


16.12 
16.36 
16.23 
16.12 

15-49 
15.85 


d. 
0.397 
0.344 
0.289 

0.281 
0.061 
0.193 


18 
02 
01 

09 
01 

02 


15-39 

15-66 

15-54 
15-80 

15-44 
15-08 
15-08 
15-44 

15-29 
15-18 

15-44 

15-44 

15-44 
15-80 

15-54 
15-54 
15-54 
15-44 
15-44 
15-54 
15-54 
15-54 
15-44 
15-44 


d. 


. 


16.31 
16.48 
1508 
15-18 

1544 
16.31 

16.31 

16.31 

15.90 

16.36 

15.85 
15.44 

15-54 
16.16 

16.24 

15-32 
16.51 

15.54 
15-90 
15-44 

15-44 
16.31 

16.36 
16.24 


d. 

. . . • 
• • • ■ 




16.70 
16.60 
16.70 
16.12 

15-54 
16.41 

16.36 

15-80 

15-54 
16.06 

16.66 

15.44 
16.70 

16.88 

16.16 

16.60 

15.90 
16.70 
16.70 
16.60 
16.06 
16.66 
16.60 


d, 

0.445 
0.41 1 

0.267 

0.152 

O.IOI 

0.167 

0.277 

0.057 
0.492 

0.083 

0.417 
0.416 

0.505 
0.300 

0.184 

0.270 

0.442 

0.415 
0.488 

0.475 
0.401 

0.234 
0.265 


25 

03 
06 

46 

03 
29 

01 

34 

15 

05 
118 

R 
20 

31 
06 

57 
09 
76 

52 
61 

07 
04 


16.66 
16.66 
16.49 
16.00 


d. 

0.377 
0.216 

0.417 
0.130 


19 
42 
02 
06 


16.41 
16.60 
16.60 
16.56 


d. 




15.49 
16.23 

16.36 

15-49 
16.23 

16.49 

16.49 
16.49 

15.70 
16.66 
16.49 
16.49 

15-54 
15-85 


0.023 

0.133 
0.387 

0.634 

0.184 

0.261 

0.304 

0.393 
0.017 

0.374 
0.460 

0.439 

0.075 
0.148 


17 

27 

II 

29 

09 

13 

07 
01 

42 
19 
02 
01 
10 

17 


16.41 
16.41 
16.41 
16.48 
16.41 
16.60 
16.70 
16.41 
16.48 
16.48 
16.41 
16.41 
16.41 
16.16 
16.41 
16.48 
16.70 
16.60 






15-70 
16.12 

15.35 
15.49 
16.49 

15-54 
16.49 

16.66 

15-85 
16.41 

15-70 
16.23 

16.49 

15.70 
16.23 

16.49 


0.192 
0.492 
O.OIO 
O.OOI 

0.378 

0.467 

0.370 

0.362 
0.448 
0.380 
0.170 

0.243 

0.399 

0.434 

0.374 
0.405 


18 

67 
01 

14 
10 

12 

09 
26 

02 

02 

10 

16 

19 
28 

J? 
26 


16.49 
16.00 


0.349 
O.OII 


01 

73 








15-44 


O.OOI 


08 
























16.60 
15-54 
15-49 
15-44 
15-54 
15-18 
15-18 

15-54 
15-18 

15-54 

15-54 
15.90 

15-18 
15-80 

15-54 
15-44 
15-18 

15-54 
15-13 
15-44 
15-44 
15-18 

15-54 
15-18 

15-44 






15-54 
16.31 

16.21 

16.31 

16.31 

16.31 

16.41 

16.51 

16.79 

15-94 

15-54 
16.06 

15-80 
16.21 

15-54 
15.66 

15-54 

15.85 

15.54 

15.54 

15-44 

15.54 

15.85 
15.80 

16.24 






16.94 
16.60 
16.70 
16.60 
16.66 
16.60 
16.66 
16.60 

16.94 
16.16 
16.06 
16.22 
15.98 
16.16 
16.16 
16.31 
16.31 
16.41 
16.31 
16.60 
16.41 
16.56 
16.60 
16.56 
16.60 


0.218 
0.256 
0.265 
0.277 
0.286 
0.299 

0.307 
0.320 

0.330 
0.074 
0.083 
0.096 
0.105 
O.II7 
0.125 
0.138 

0.147 

0.160 

« 

0.169 
0.181 
0.189 
0.201 
0.211 
0.225 
0.234 


37 

03 
06 

06 

00 

08 

03 
10 

24 
30 

IS 

25 

05 
08 

03 

09 

03 

05 
08 

16 

05 

04 

04 
02 

00 








16.70 
16.60 
16.60 
16.41 
16.50 
16.60 
16.50 
16.70 
16.56 
16.60 
16.46 
16.60 
16.41 
16.66 
16.56 
16.50 
16.41 
16.56 
16.41 
16.60 
16.41 
16.48 
16.60 
16.41 
16.56 






15-70 

1549 
15-28 

15-13 

15-35 
15-18 
15-70 

15-49 
16.12 

16.00 
16.12 
16.00 
16.00 
15-70 
15-70 
15-70 
15-70 
15-49 
15-35 
15-49 
15-49 
15-49 
15.70 
15.70 


0.472 

0.481 

0.493 
0.502 

O.OII 

0.019 

0.032 

0.042 

0.397 

0.406 
0.419 
0.428 
0.440 
0.448 
0.461 

0.470 
0.483 

0.492 
0.000 
0.008 
0.020 

0.030 

0.044 

0.053 


10 
04 
16 

25 
02 

20 

29 

06 

18 

22 

00 

01 

09 

^4 
02 

07 
18 

02 

00 

13 
II 

09 
27 
24 


15.70 
15.28 
15.28 
14.98 
14.98 

15.13 
15-28 

15-70 
16.23 

16.23 

16.36 

16.36 

16.23 

16.12 

16.49 
16.36 

16.49 

16.36 

16.60 

16.49 
16.23 

16.49 

16.23 

16.12 


0.602 
O.61I 
0.623 
0.632 
O.OOI 

0.009 
0.022 
0.032 
0.248 

0.257 

0.270 
0.279 
0.291 
0.299 

0.312 
0.321 

0.334 
0.343 
0.355 

0.363 

0.375 

0.385 

0.399 

0.408 


39 
02 

04 

23 

23 
10 

03 
32 

09 
II 

01 

03 

17 

29 
06 

07 

03 
10 

12 

01 

25 
01 

25 
36 



OBSERVATIONS OF THE VARIABLES 



33 



J.D. 


No. 103. Per. not dei'd. 


No. 104. Per. 0^.57084 


No. 105. Per. not dct'd. 


No. 106. Per. o*.547i8 


No. 107. Per. 0^.44735 


No. 108. Per. 0^.519607 1 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


d. 

3372.527 

3377-517 

3383-513 

3384-514 
3664.674 

3691-533 

" .643 
3692.540 

4067.520 

4071-577 

4073-585 
4077.492 

" .581 
4078.492 

4079-493 

" .579 

4437-550 

4456.502 

" -575 
4839.480 

4840.523 

4841.472 

" .503 

" -571 
" .603 

5160.741 

" .779 
" .788 

" .800 

" .809 

" .822 

" .830 

" -843 

" .853 

5161.713 
" .722 

" -735 

" -744 

" -756 

" -764 

" -777 
" .786 

" -799 
" .808 

" .820 
" .828 
" .840 
" .850 
" .864 
" -873 


17,04 

17-25 

17-39 
17.02 


d. 




14.69 
16.36 
16.12 
14.60 


d. 

0.037 
0.460 

0.177 
0.036 


13 

34 
10 

22 


15-13 

15-49 
15.28 
16.12 
1528 
16.12 
1S-18 
14.98 
15.28 
16.12 

15-70 
14.98 

15-49 
16.00 

15.28 

15.28 

15-44 

15.13 

15-49 

15.44 
16.12 

15.13 
14.98 

15.49 
15-49 


d. 




16.70 
16.66 
16.70 
16.49 
16.66 
16.49 
16.00 

16.49 

15.85 
16.36 

15-13 
15-28 
16.23 
14.79 
16.70 
14.98 

15.49 
16.82 

16.36 

16.66 

16.66 

16.49 

16.66 

16.66 


d. 
0.417 
0.482 

0.4S9 
0.366 

0.370 
0.417 
0.527 
0.330 
0.491 
0.171 

0.537 
0.067 

0.156 

0.520 

0.426 

0.512 

0.081 

0.428 

0.501 

0.380 

0.329 

0.184 

0.215 

0.283 


01 
01 
00 

17 
00 

19 
107 

^3 

77 

05 

25 
oS 

04 
21 
00 

39 
01 

12 

08 

00 

05 
II 

17 
08 


16.16 
16.36 

15-44 

1554 
16.12 

16.49 

14.98 

15.28 

16.23 

16.49 

15.08 

16.23 

15.13 
15-28 
15-28 
16.23 
16.36 
15.28 

15.70 

15.85 
16.16 

16.00 

15-54 
15-28 


d. 

0.247 

0.317 
0.052 

0.158 

0.340 

0.364 
0.026 
0.029 
0.214 
0.245 
0.017 
0.346 

0.435 
0.004 

O.III 

0.197 
0.368 

0.088 

O.161 

0.220 

0.368 

0.423 
0.007 

0.075 


16 
02 
16 
46 
26 
22 
10 
18 
02 

17 
04 

14 
22 

31 

44 

06 
16 

25 
32 

39 
04 

106 

56 


16.00 
16.66 
16.49 
16.36 
16.49 

15-70 
16.66 

15-13 
16.00 

16.82 

16.82 

14.98 

16.12 

14.69 

15-18 

15-08 

15-13 
16.82 

16.82 

16.82 

16.82 

15-85 
16.66 

16.82 

16.82 


d. 

0.157 
0.471 

0.231 

0.193 

0.285 

0.124 

0.234 

0.092 

0.435 
0.336 

0.265 

0.015 

0.104 

0.496 

0.457 
0.024 

0.505 
0.232 

0.305 
0.259 

0.263 

0.173 
0.204 

0.272 
0.304 


02 

03 

09 

05 
2J 

10 

08 

18 

73 
09 
14 
18 

72 
16 

154 

25 

41 
22 

10 

15 
14 

3^ 
26 

13 
10 


16.5 
17,2 

17-39 
17.04 
17.04 
17.04 
17.04 
17.04 
16.98 

17-34 
17.04 
17.29 
17.44 
17.12 

17-39 
17.29 

17.29 

16.98 






16.00 
14-36 


0.514 
0.053 


00 

65 


• • • ■ 

* * 


• • 


16.49 
16.49 
16.00 

14-74 

15-18 
16.82 

16.82 

16.82 

16.36 

14.50 
15-28 


0.318 

0.379 
0.103 

0.015 

0.104 

0.444 

0.303 
0.389 

0.443 

0.558 
0.060 


15 

21 

44 
08 

3S 

II 
19 

12 

34 
10 

23 






















































17-39 
17.08 

17-34 
17.14 

17.14 

17.29 

17.04 

17-35 
17.04 
17.14 

17-34 
17.08 

17.08 

17.29 

17-34 
17.08 

17.08 

17.29 

17.08 

17-39 
17.04 

17.08 

17-34 
17.08 

17.29 






16.70 
16.60 
16.70 
16.66 
16.60 
16.70 
16.70 
16.60 
16.49 
16.49 
16.49 
16.49 
16.49 
16.49 
16.49 
16.66 
16.60 
16.60 
16.49 
16.66 
16.70 
16.66 
16.60 
16.66 
16.70 


0.380 
0.418 
0.427 

0.439 
0.448 

0.461 

0.469 

0.482 

0.492 
0.210 
0.219 
0.232 
0.241 

0.253 
0.261 

0.274 

0.283 

0.296 

0.305 

0.317 

0.325 

0.337 

0.347 
0.361 

0.370 


00 

JO 

00 

04 

10 

00 
02 

01 

03 

10 

07 

01 

OJ 

04 
07 
08 

00 

02 

14 

02 

04 
01 

08 
03 

00 


















16.16 
16.16 
16.16 
16.12 
15.28 
15.28 
15.28 
15.28 
15-28 
15.28 
14.79 

14.50 
14.98 
14.98 
14.74 
14.98 

14.79 
15.28 

14.50 

14.98 
15-28 

15-13 
15-85 
15.85 






16.36 

16.06 

15-28 

15-44 
14.98 

14.98 

14.79 
14.79 

16.36 

16.51 

16.49 
16.49 

16.66 

16.49 

16.70 

16.66 

16.66 

16.66 

16.66 

16.70 

16.70 

16.66 

16.70 

16.23 


0.485 

0.494 
0.506 

0.515 
0.528 

0.536 
0.002 

0.012 
0.324 

0.333 
0.346 

0.355 
0.367 

0.37s 
0.388 

0.397 
0.410 

0.419 

0.431 

0.439 

0.451 
0.461 

0.475 
0.484 


31 

54 
32 

34 
06 

10 

07 

09 

24 
10 

14 

00 
j8 

03 
01 

02 

03 
04 

00 

00 

04 

01 

44 


15-13 

15.13 
14.98 

14.98 

14.79 

14.98 

15-13 
15-28 

15.13 
14.98 

14.74 
15.08 

14.98 

14.74 
15-28 

15-49 
15.28 

15.70 
15-70 
16.00 
16.12 
16.16 
16.23 
16.49 


0.394 
0.402 

0.414 

0.424 
0.436 

0.444 

O.IO 

0.020 

0.433 

0.442 
0.008 
0.017 
0.029 

0.037 

0.050 
0.059 
0.072 
0.081 

0.093 

O.IOI 

0.II3 
0.123 

0.137 

0.146 


07 

05 
02 

04 

12 

08 

13 

23 

22 
08 

05 
II 

42 
01 

19 

14 
21 

12 

36 
40 

35 
34 
55 


16.66 

16.82 

16.66 

16.70 

16.49 

15-18 

14.50 

14.31 
16.70 

16.82 

16.66 

16.66 

16.66 

16.70 

16.82 

16.82 

16.82 

16.70 

16.70 

16.70 

16.70 

16.66 

15.85 
14.98 


0.441 
0.450 
0.462 
0.471 
0.484 
0.492 
0.505 
0.515 
0.336 

0.345 
0.358 
0.367 
0.379 

0.387 
0.400 

0.409 

0.422 

0.431 

0.443 
0.451 

0.463 
0.473 
0.487 
0.496 


07 

09 
06 

01 

00 

00 

22 

41 
04 

08 

08 

08 

08 

04 

08 

08 

08 

04 

03 
03 

01 

00 
00 
II 
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ANNALS OF HARVAIO) COLLEGE OBSERVATORY 



J.D. 



No. 109. Per. 0^.53302 



No. zio. Per. 0^.53612 



No. HI. Per. 0^.51265 



No. 112. Per. not det'd. 



No. X13. Per. o'-siygi 



No. 1 14. Per. 0^.59772 



Magn. 



Phase 



Res. 



Magn. 



Phase 



Res. 



Magn. 



Phase 



Res. 



Magn. 



Phase 



Res. 



Magn. 



Phase 



Res. 



Magn. 



Phase 



Res. 



d, 
3372.527 
3377-517 
3383-513 
3384.514 
3664.674 

3691-533 

" -643 
3692.540 

4067.520 

4071.577 

4073-585 
4077.492 

" .581 
4078.492 

4079-493 

" .579 

4437-550 

4456-502 

" -575 
4839.480 

4840.523 
4841.472 

•503 

•571 
.603 

5160.741 

779 



a 



li 



a 



(( 



(( 



.788 
.800 
.809 
.822 
.830 

.843 

-853 

5161.713 
.722 

-735 
.744 
•756 
.764 

'in 

.786 

-799 
.808 

.820 

.828 

.840 

.850 

.864 

.873 



(( 



<( 



(( 



it 



n 



ii 



u 



It 



tt 



tt 



tt 



tt 



tt 



tt 



tt 



tt 



tt 



tt 



tt 



tt 



tt 



16.70 
16.70 
14.84 
16.16 



d. 
0.239 
0.423 
0.013 
0.480 



16 
07 
02 
06 



4.79 
6.21 

5-54 
6.41 

5-54 
6.60 

4.41 

6.41 

6.70 

6.51 

5-49 
6.41 

6.66 



0.071 

0.434 
0.068 

0.388 

0.260 

0.430 
0.519 
0.362 
0.295 
0.381 
0.092 

0.357 
0.430 



16.70 
16.60 



0.370 
0.401 



39 
55 
39 
36 

R 

J7 

59 

35 
01 

27 

13 
36 
10 



06 
18 



7-04 
6.66 

6.70 

6.60 

6.70 

6.60 

6.66 

6.94 
6.41 
6.60 
6.66 
6.88 
6.76 
6.70 
6.94 
6.66 
6.70 
6.76 
6.70 
6.98 
6.88 

6.94 
6.94 
6.88 
7.04 



0.35s 

0.393 
0.402 

0.414 

0.423 
0.436 

0.444 

0.457 
0.467 

0.259 

0.268 

0.281 

0.290 

0.302 

0.310 

0.323 
0.332 

0.345 
0.354 
0.366 

0.374 
0.386 

0.396 

0.410 

0.419 



28 
12 
08 

06 
j6 
08 

25 

19 
02 

01 

19 
06 

02 

21 

07 
06 

00 
06 
21 
II 
16 
16 
10 
26 



6.24 
6.70 
5.80 
6.06 



d. 

0.235 
0.400 

0.499 
0.427 



5-44 
6.41 

5-54 
6.41 

6.16 

4-79 
6.16 

6.41 
6.06 
5-80 
5-94 

5-54 
6.12 

6.60 



6.36 
6.94 
6.60 



03 
26 

29 
3S 



0.250 
0.360 
0.184 
0.417 
0.185 
0.048 
0.202 
0.291 
0.130 
0.059 

0.145 

0.524 

0.175 
0.248 



6.16 
5.08 

4.64 
4.69 
4.69 
4.64 
4.79 

4.79 
4.84 
6.41 
6.56 
6.56 
6.48 
6.41 
6.60 
6.41 
6.31 
6.41 

5.98 
6.24 

6.31 
5-54 
4.79 
4.79 
4.53 



0.335 
0.211 

0.242 



87 

01 

59 

03 

03 
08 

02 

04 

34 
88 

08 

60 

05 
30 



04 
70 
30 



6.70 
5.80 

5-44 
4.79 



d. 
0.321 

0.184 

0.028 

0.004 



5-54 

4.79 
6.41 

5.80 

6.41 

5-90 
6.51 
6.41 
6.06 
6.16 

5-94 
5-44 
5.18 

5-90 
5-44 



0.489 

0.527 
0.536 
0.012 

0.021 
0.034 
0.042 

0.055 
0.065 
0.389 
0.398 
0.41 1 
0.420 
0.432 
0.440 

0.453 
0.462 

0.475 
0.484 

0.496 

0.504 
0.516 

0.526 

0.004 

0.013 



07 
20 

09 
02 

04 

15 
04 

12 

16 

02 

12 

12 

04 

03 

15 
00 

09 
09 

29 
II 

59 
34 
10 

09 
18 



14.79 



0.458 
0.056 
0.440 
0.160 
0.116 
0.073 

0.392 
0.481 
0.367 
0.342 
0.428 
0.057 
0.041 
0.114 
0.069 



0.042 



6.94 

5-90 

5-90 

5-91 
5.80 

5-54 
5-44 
5.08 

5-18 
6.60 
6.60 
6.60 
6.76 
6.60 
6.70 
6.60 
6.41 
6.41 

S.98 
6.41 

5-54 

5-44 

5-29 
S.18 

4.95 



0.41 1 
0.449 
0.458 
0.470 

0.479 
0.492 

0.500 

O.OOI 
O.OII 

0.358 

0.367 

0.380 

0.389 

0.401 
0.409 
0.422 

0.431 
0.444 

0.453 

0.465 

0.473 
0.485 

0.495 
0.509 

0.005 



28 

R 

53 
04 



66 

32 
II 

28 

69 
62 
10 
61 

36 
26 

42 

33 
18 

20 

22 



21 



55 

36 

29 

J7 
12 

33 
42 

25 

33 
18 

18 

18 

34 
20 

30 

23 
08 

13 
24 

29 

47 

I? 
20 

31 
12 



15-54 

15-44 

15-49 
15.28 

15-49 
15.49' 
15-70 

15.49 
15-28 
15.28 

1S-13 
15.18 

15-13 
14.98 

15-28 

15-13 
15.28 

15-18 

15.49 
15-28 
14.98 
15.28 
15.28 
15-28 
15-29 



16.00 
16.00 
16.36 



5-70 
5.28 

5.49 



5-49 

5-85 
5-28 

5-70 
6.00 

5-85 
6.12 

5-70 

5-49 

5.85 

5-49 

5-49 
6.00 

5-70 



16.16 
16.66 
16.60 
16.82 
16.82 
14.98 
16.12 

15-13 

14.79 
16.16 

17-15 
16.82 

16.98 

16.82 

16.49 

16.98 

16.00 

15.49 
16.82 

17-15 
16.82 

16.82 

16.98 

16.82 

16.5 



14.50 
14.98 
14.98 

15.13 
15.13 



d. 
0.106 

0.435 
0.216 

0.181 

0.152 

0.079 

0.189 

0.051 

0.064 

0.495 
0.432 

0.196 
0.285 
0.160 
0.125 
0.211 
0.306 
0.09s 
0.168 
0.338 

0.345 
0.258 

0.289 

0.357 
0.389 



0.015 
0.024 
0.036 
0.045 
0.058 



15.70 
16.23 

16.98 

16.98 

17.15 
17.04 

16.82 

16.36 

15.13 
14-74 
14.46 

14.50 
14.50 

14.79 
iS-28 

14-74 
16.00 

16.12 



0.079 
0.089 
0.431 
0.440 

0.453 
0.462 

0.474 
0.482 

0.495 
0.504 

0.517 
0.008 

0.020 

0.028 

0.040 

0.050 

0.064 

0.073 



15 
22 

^3 
18 

29 
64 

55 

OS 

53 
66 

27 

13 

14 
26 

21 

2S 

86 

34 

25 
28 

05 
01 

14 
05 



08 
30 
17 
IS 
05 



16 

47 
10 

10 

28 

17 
01 

16 

00 

09 
06 

02 

II 

08 

39 
32 
68 

63 



5.90 
6.70 

6.60 

6.41 

4.84 

S.18 

5.44 
6.41 

5.18 
6.70 
S.66 
6.60 
6.60 
6.51 

5-18 
6.24 
5-08 
6.70 
6.70 
6.41 

5.90 
6.60 

6.51 

5-44 
5-08 

5.29 
5.08 

4.74 
5.08 

5.18 
5-18 

5-44 
5-44 
5.32 
6.70 

6.70 
6.70 
6.60 
6.88 
6.79 
6.94 
6.70 
6.70 
6.70 
6.66 
6.70 
6.70 
6.79 
6.88 
6.82 



d. 
0.137 

0.345 
0.364 

0.170 

0.597 
0.558 
0.071 

0.370 

0.579 
0.452 
0.069 

0.390 
0.479 
0.195 
0.000 
0.086 
0.023 
0.446 
0.519 
0.285 

0.133 
0.484 

0.515 

0.583 
0.017 

0.570 

O.OII 

0.020 
0.032 
0.041 

0.054 

0.062 

0.075 

0.085 

0.347 
0.356 

0.369 

0.378 

0.390 
0.398 

0.41 1 
0.420 

0.433 

0.442 

0.4S4 
0.462 

0.474 
0.484 

0.498 

0.507 



03 
00 

10 

18 

17 
06 

15 

29 

09 
02 

40 
II 
12 

13 
18 

R 

04 
02 

18 

21 

08 

10 

00 

38 

OS 

17 
06 

30 
00 

06 

01 

21 

13 
04 

00 

00 

00 

10 

17 
08 

23 
01 

01 

01 

07 

01 

01 

09 
20 

20 



OBSERVATIONS OF THE VARIABLES 



35 



J.D. 



No. 115. Per. 0^.51400 



Magn. 



3372.527 
3377-517 
3383.513 
3384.514 
3664.674 

3691.533 

" .643 
3692.540 

4067.520 

4071.577 

4073.585 
4077.492 

" .581 
4078.492 

4079.493 

" .579 
4437.550 
4456.502 

" .575 
4839,480 

4840.523 

4841.472 

•503 

.571 
.603 

5160.741 

.779 
.788 

.800 

.809 

.822 

.830 

.843 

.853 

1.713 
.722 

.735 
.744 
.756 
.764 

.777 
.786 

.799 
.808 

.820 

.828 

.840 

.850 

.864 

.873 



516 



n 
ti 

(< 

n 

n 
n 
ti 
ti 
n 

n 



15.44 


0. 


15.80 


0. 


16.60 


0. 


16.60 


0. 


16.31 


0. 


I6.S 


0. 


16.8 


0. 


16.98 


0. 


14.92 


0. 


14.64 


0. 


15.08 


0. 


16.94 


0. 


16.31 


0. 


16.66 


0. 


16.70 


0. 


16.94 


0. 


16.41 


0. 


16.70 


0. 


16.16 


0. 


16.70 


0. 


16.31 


0. 


16.31 


0. 


16.94 


0. 


16.8 


0. 


14.79 


0. 


16.79 


0. 


16.79 


0. 


16.94 


0. 


16.70 


0. 


16.70 


0. 


16.70 


0. 


16.66 


0. 


16.70 


0. 


17.04 


0. 


16.82 


0. 


16.70 


0. 


16.76 


0. 


16.70 


0. 


16.70 


0. 


17.04 


0. 


16.70 


0. 


16.79 


0. 


16.94 


0. 


16.94 


0. 


16.79 


0. 


16.76 


0. 


16.70 


0. 


16.70 


0. 


16.94 


0. 


16.66 


0. 



Phase 



Res. 



d. 

.117 

.480 

•307 
280 

,261 
.387 

497 
.366 
.060 
.005 

.470 
265 

•354 
236 

.209 

295 
.460 

•390 

.463 

•371 
.386 

-307 
.338 
.406 

438 
.326 

.364 

.373 

.385 

•394 

407 

415 
.428 

438 
.270 

279 
.292 

.301 

•313 
•321 
•334 

•343 
.356 

•365 

•377 

•385 

•397 

•407 
.421 

•430 



01 
65 

10 
34 



21 
16 
12 
go 
28 
46 
08 
21 
21 
01 
07 
12 

07 

R 
R 

17 

■ • 

03 
02 

16 

08 

08 

08 

II 

07 

32 

14 

00 

03 
04 

06 

29 
06 

01 

16 

17 
02 

01 

07 
07 

17 

10 



No. 1x6. Per. 0^.51470 



Msgn. 



6.00 

6.49 
5.70 

5-44 
6.49 

6.49 
6.36 
6.66 

4.79 
6.66 

6.70 

6.49 

6.66 

6.36 

5.70 
6.60 
6.82 
6.66 

6.49 
6.49 

6.66 

6.00 

6.49 
6.82 

6.82 



6.82 
6.60 
6.60 
6.66 
6.66 
6.70 
6.66 
6.70 
6.23 
6.48 
6.66 
6.49 
6.60 
6.70 
6.60 
6.66 
6.82 
6.82 
6.82 
6.70 
6.66 
6.70 
6.82 
6.82 



Phase 



d. 
0.472 
314 
132 
104 

218 
308 
418 
285 
498 

437 
386 

174 
263 

145 
116 

202 
394 

299 
372 

273 
287 

206 

237 
305 
337 



o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 



o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 



343 

352 
364 

373 
386 

394 
407 

417 
248 

257 
270 

279 
291 

299 
312 

321 
334 
343 
355 
363 
375 
385 

399 
408 



Res. 



00 

15 
30 
18 

01 

33 
06 

21 

08 

00 

16 

10 

24 
08 

17 
12 

03 
21 

09 
06 

44 
02 

19 
14 



14 
09 

10 

04 

04 

00 

04 

01 

31 
08 

08 

10 

01 

08 

04 

00 

15 
14 

13 
01 

05 
00 

12 

12 



No. 117. Per. 0^.60052 



Magn. 



6.12 
6.23 
6.00 
6.12 
6.70 



6.49 



6.49 
5.49 
6.49 
5.49 
5.49 

6.66 
6.49 
6.66 
6.49 

4.98 
6.00 

6.66 

6.82 

5.49 
5.70 
6.36 
6.23 



6.82 
6.82 
6.70 
6.70 
6.36 
6.36 
6.36 
6.23 
6.36 
6.66 
6.60 
6.60 
6.49 
6.82 
6.82 
6.66 
6.82 
6.70 
6.82 
6.82 
6.70 
6.82 
6.82 
6.82 



Phase 



Res. 



d. 

0.576 
O.161 
0.152 

0.553 
0.270 



0.215 



0.167 
0.020 
0.227 

0.531 
0.019 

0.330 
0.130 

0.216 

0.277 

0.012 

0.085 

0.459 
0.301 

0.049 

0.080 

0.148 

0.180 



70 
04 

19 

43 
00 



04 



0.480 
0.489 
0.501 
0.510 

0.523 
0.531 
0.544 

0.554 
0.212 

0.221 

0.234 

0.243 

0.255 
0.263 

0.276 

0.285 

0.298 

0.307 

0.319 

0.327 

0.339 

0.349 
0.363 

0.372 



17 
26 

09 
70 

26 

10 

49 

13 
21 

25 

49 

13 
08 

16 

22 

19 
17 



04 
05 

03 
02 

06 

18 

55 

57 

17 
10 

00 

03 
18 

15 
II 

06 

09 

05 

07 
06 

06 

06 

06 

06 



No. X18. Per. o .49937 



Mafn. 



6.49 

6.66 
6.66 

6.49 
6.49 

5.49 
6.49 

5.44 
5.28 
6.23 
6.36 
5.28 
6.36 
4.98 

5.13 
6.12 

4.69 

4.69 

5.49 
5.44 

4.79 
6.12 

4.74 
5.44 
5.54 



6.49 

6.49 
6.60 

6.60 

6.70 

6.66 

6.60 

6.82 

5.70 

5.70 
6.00 

5.85 
6.12 

6.36 

6.49 
6.49 

6.49 
6.66 

6.82 

6.82 

6.70 

6.70 

6.82 

6.82 



Phase 



d. 
0.174 

O.I7I 

O.I 741 

0.177 

0.190 

0.083 

0.193 

0.091 

0.044 

0.106 

0.117 

0.029 

0.118 

0.030 

0.033 

0.1 19 

0.041 

0.017 

0.090 

0.478 

0.023 

0.472 

0.004 

0.072 

0.104 



0.182 
0.191 
0.203 
0.212 
0.225 
0.233 
0.246 
0.256 
0.118 
0.127 
0.140 
0.149 
0.161 
0.169 
0.182 
0.191 
0.204 
0.213 
0.225 
0.233 
0.245 

0.255 
0.269 

0.278 



Re«. 



20 

39 
38 
18 

05 
10 

00 

02 

30 
62 

65 
46 

65 
15 
27 
40 
27 
04 

03 

3^ 
00 

05 
04 
15 
05 



12 

02 

04 
01 

02 

06 

15 
04 
01 

12 
06 

17 

05 
12 

10 

01 

06 

05 

13 
10 

04 

08 

03 
01 



No. X X9. Per. o*. sx 776 



M^tgn. 



Phase 



Res. 



5.70 
6.70 
6.27 
6.27 

6.66 
6.36 
6.49 
6.49 
6.79 
6.51 

5.73 
6.70 

4.64 

6.60 

6.70 

6.60 

5.49 
6.89 

4.92 

6.55 
6.79 

6.51 

6.66 

6.82 

6.49 

4.50 
4.27 

4.41 

4.64 
4.64 

4.79 

4.79 

5.13 

5.39 
6.79 

6.70 

6.70 

6.24 

5.39 
4.92 

4.31 
4.20 

4.23 

4.31 

4.41 
4.41 

4.57 

4.79 
4.92 

4.92 



d. 
0.127 

457 
240 

206 

257 

193 

303 
164 

286 

201 

138 
421 

5ic^ 

385 

351 

437 
118 

430 

503 
266 

273 
187 
218 
286 
318 

516 
036 

045 

057 
066 

079 
087 

100 

no 

452 
461 

474 
483 
495 
503 
S16 
007 

020 
029 
041 

049 
061 

071 

085 

0941 



o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 



06 

00 

27 
16 

08 

01 

17 
31 
15 

10 

05 

00 
II 

10 

00 

10 

00 

19 

20 

06 

17 
18 

19 
18 

^9 

18 
08 

01 

09 

00 
00 

^4 

03 

01 

09 

01 

06 

22 

00 
20 
00 

03 
04 

00 
01 

04 

00 
10 
00 

J4 



No. xso. Per. not det'd. 



MagB. 



6.23 

554 
6.36 

554 
6.49 

6.36 
6.23 

5.70 
5-70 
6.36 
6.60 
6.49 
6.60 
6.23 
6.70 

5.54 
5.70 
6.49 

6.60 

5.54 
6.36 

5.49 

5.85 
6.00 

6.23 



Phase 



6.23 

6.12 

5.70 

5.70 

5.54 

5.49 
5.28 

5.54 
6.31 

6.49 

6.36 

6.49 
6.36 
6.23 
6.36 
6.36 
6.60 
6.23 

6.49 

6.49 
6-23 

6.49 

6.49 
6.60 



Res. 
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ANNALS OF HAKVAHD COLLEGE OBSERVATORY 



J.D. 



3372.527 
3377-517 
3383-513 
3384.514 
3664.674 

3691-533 

" .643 
3692.540 

4067.520 

4071.577 
4073.585 
4077-492 
" .581 
4078.492 

4079-493 

" .579 

4437-550 
4456.502 

" .575 
4839.480 

4840.523 
4841.472 

.503 

.571 
.603 

5160.741 

-779 



No. 1 21. Per. o'.49304 



Magn. 



« 



(S 



St 



it 



<< 



.788 
.800 
.809 
.822 
.830 

.843 

.853 

5161.713 
.722 

.735 
.744 

.756 
.764 

.777 
.786 

.799 
.808 

.820 

.828 

.840 

.850 

.864 

.873 



« 



(( 



<< 



<( 



it 



t( 



tt 



it 



tt 



tt 



tt 



tt 



tt 



ft 



tt 



tt 



tt 



tt 



tt 



it 



tt 



5-80 
6.70 

6.51 
6.12 



6.06 
6.31 

5.54 

4.79 
6.41 

5.80 

6.41 

6.16 

6.31 

5.90 
6.31 

6.41 

5-54 

5.90 
6.21 

6.41 

6.01 

6.31 



7.44 
6.70 

6.41 
6.51 
6.51 
6.70 
6.66 
6.31 
6.31 
6.60 
6.60 
6.70 
6.66 
6.51 
6.70 
6.60 
6.66 
6.70 
6.66 
6.70 
6.66 
6.70 
6.60 
6.70 
6.60 



Phase 



d. 
0.197 

0.257 

0.336 
0.351 



0.206 
0.316 
0.227 
0.004 
O.I16 
0.152 
O.II5 
0.204 
0.129 
0.144 
0.230 
0.254 
0.470 
0.050 

0.356 
0.413 
0.376 
0.407 



Res. 



67 

06 
42 



No. laa. Per. not detM. 



Magn. 



0.155 
0.193 

0.202 

0.214 

0.223 

0.236 

0.244 

0.257 

0.267 

O.I4I 

0.150 

0.163 

0.172 

0.184 

0.192 

0.205 

0.214 

0.227 

0.236 

0.248 

0.256 

0.268 

0.278 

0.292 

0.301 



43 
26 

99 
06 

69 

36 
69 

33 
39 

23 
16 

37 
88 

32 
16 

47 
01 



R 

24 

oS 

01 
02 

15 
10 

26 

26 

53 
44 
41 
33 
09 
24 
10 

15 
16 

II 
14 
09 
13 
03 
13 
03 



4.31 

4.31 
4.41 

4.26 



4.22 

4.50 
4.22 

4.74 
4.50 

4.50 
4.92 

4.92 

4.74 

5.13 
4.92 

4.60 

4.74 
4.26 



4.57 
4.60 

4.57 
4.60 

4.69 

4.69 

4.74 



4.50 
4.41 

4.74 

4.79 
4.74 
4.92 

4.74 

4.74 

4.74 
4.98 

4.74 
4.60 

4.57 
4.98 

4.60 
4.74 



Phase 



d. 



Re«. 



No. 123. Per. 0^.54545 



Magn. 



15.18 

15.70 

15.85 
14.98 

16.60 

16.49 

15.28 

i6,g 

16.36 

16.98 

16.82 

16.98 

16.98 

17.04 

16.36 

16.66 



16.98 
i6.g 
16.82 
16.66 

15-49 
15-54 
16.82 

16.49 



Phase 



d. 
0.027 

0.108 

0.104 

0.014 

0.358 
0.490 

0.055 
0.406 
O.II7 

0.356 
0.182 
0.271 
0.360 
0.180 
0.090 
0.176 



0.193 
0.266 
0.265 
0.217 
0.075 
0.106 

0.174 
0.206 



Res. 



19 

23 
01 

06 

31 
00 

07 

• • 

31 

07 

12 
08 
08 

35 

75 
01 



31 

• • 

08 
18 
06 

35 
18 

33 



No. 1 34. Per. not det'd. 



Magn. 



6.36 
6.12 
6.23 

6.49 
5.70 



6 12 

5.49 
6.36 

6.23 

6.36 

6.36 

6.23 

5.70 
6.36 
6.12 
6.00 
6.23 
6.23 
6.36 
6.36 
5.70 
5.70 
5.70 



6.49 
6.23 
6.23 

6.49 
6.36 

6.49 

6.49 

6.49 
6.36 

6.49 

6.36 

6.49 
6.49 

6.49 

6.36 

6.66 

6.49 

6.60 

6.49 

6.23 

6.66 

6.49 

6.49 
6.49 

6.49 



Phase 



Res. 



No. 125. Per.o'.5388x 



Magn. 



6.51 
6.36 
6.12 
6.41 
6.60 

5.85 
6.36 

5.85 
5-90 

5-66 
6.60 

5.90 
S.18 
6.48 
6.48 
6.31 

5.44 
5.80 

5.98 
5.54 
S.98 
6.51 
6.41 

5.54 



6.24 
6.41 
6.41 
6.56 
6.56 
6.48 
6.41 
6.48 
6.51 

5.54 

5.54 
5.80 

5.54 

5-63 
5.66 

5.85 
5.54 
6.31 
6.16 
6.41 
6.48 
6.60 
6.60 
6.60 
6.56 



Phase 



d. 
0.247 

0.388 

0.457 
0.380 

0.359 
0.277 

0.387 
0.207 

0.175 
0.460 

0.313 
0.449 

0.538 

0.371 
0.294 

0.380 

0.043 

0.136 

0.209 

0.020 

0.525 
0.396 

0.427 
0.495 



O.151 
0.189 
0.198 
0.210 
0.219 
0.232 
0.240 

0.253 
0.263 

0.045 

0.054 

0.067 

0.076 

0.88 

0.096 

0.109 

O.I18 

O.I3I 

0.140 

0.152 

0.160 

0.172 

0.182 

0.196 

0.205 



Res. 



02 

13 
26 

oS 

II 

65 

13 
R 

46 

15 
10 

06 

12 

01 

02 

19 
01 

28 

49 
21 

68 

03 

07 
08 



03 
01 

03 
09 

08 

01 

08 

02 

01 

II 

06 

26 

06 

06 

08 

00 

37 
24 
04 
20 
21 
26 
21 
16 
10 



No. ia6. Per. o'.sasso 



Magn. 



5.70 

5.44 
6.16 

5.44 
6.23 

6.12 

6.12 

5.85 

5.70 

6,00 

4.98 

6.00 

6.23 

5.32 
5.08 

5.70 

6.36 

5.32 

6.00 

6.36 

6.12 

5.54 
5.49 

6.12 

6.00 

6.23 

6.00 

6.36 
6.36 
6.36 

6.23 

6.36 

6.23 
6.23 

5.44 
5.39 

6.00 

5-18 

S-54 
6.12 

6.00 

6.12 

6.12 

6.36 

6.23 

6.36 

6.36 

6.36 

6.49 
6.49 



Phase 



d, 
0.478 

O.II3 
0.218 
0.148 
0.242 
0.326 

0.436 
0.262 

0.392 
0.165 

0.031 

0.190 

0.278 

O.I18 

0.048 

0.134 
0.392 

0.066 
0.138 
O.161 

0.133 
0.0 1 1 

0.042 

O.I 10 

0.142 
0.122 
0.160 
0.169 
O.181 
0.190 
0.203 
0.2II 
0.224 
0.234 
0.023 
0.032 

O-04S 
0.054 

0.066 

0.074 

0.087 

0.096 

0.109 

0.118 

0.130 

0.138 

0.150 

0.160 

0.174 

0.183 



Res. 



II 

R 
10 

R 
02 

13 

03 

41 

53 
22 

39 

26 

02 
R 

36 
R 

13 
28 

12 

15 
00 

24 
06 

13 

14 

15 
2J 

13 
12 

12 

03 
10 

02 

02 

II 

01 

57 

31 
06 

44 
21 

25 
13 
32 

13 

25 
18 

15 
26 

25 



OBSERVATIONS OF THE VAKIABLES 
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J.D. 


No. 127. Per. not det'd. 


No. 128. Per. o'.doso? 


No. 129. Per. not det'd. 


No. 130. Per. not det'd. 


No. 131. Per. 0^.43720 


No. 132. Per. o'.sodds 1 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


d. 

3372-527 

3377-S17 

3383-513 

3384514 
3664.674 

3691-533 

" -643 

3692.S4O 

4067.520 

4071-577 

4073585 
4077.492 

" -581 
4078.492 

4079-493 

" .579 

4437-550 

4456-502 

" -575 
4839.480 

4840.523 

4841.472 

" .503 

" -571 
" .603 

S160.741 

" -779 
" .788 

" .800 

" .809 

" .822 

" .830 

" -843 

" -853 

5161.713 
" .722 

" -735 

" .744 

" .756 

" .764 

" -777 
" .786 

" -799 
" .808 

" .820 

" .828 

" .840 

" -850 

" .864 

" -873 




i. 




15-44 
16.31 

16.70 


d 
0.127 

0.269 

0.206 


31 
24 


15-18 

15-90 

15-44 
16.06 


d. 




15-54 
15-70 

15-49 
16.12 


d. 




15-80 

1554 
15-80 
16.16 


d. 

0.157 
0.338 
0.213 

0.340 


10 
06 


16.16 
16.31 
16.31 

15.32 


d. 
0.287 

0.210 

0.127 

O.I 14 


^7 
10 

53 
36 








14.36 
























16.5 
15.90 
15.90 
15-08 

15-44 
14.69 

15-44 
16.70 


0.393 

0.503 
0.188 

0.072 

0.494 

0.078 

0.349 
0.438 










15-70 
15.28 

15.70 
15.70 
15.28 
16.24 

15.85 
15-28 

15-70 
15-28 

15-49 
15-70 

14.79 
14.74 
16.36 

16.23 
16.36 
16.23 






14.79 
15.18 
15-44 

15.44 
16.12 

16.06 

15.63 

15.03 
15.08 

15.18 

15.59 
15.08 

15-54 
15.32 

15.54 
16.16 

15.54 
15.18 


0.007 
O.I 17 


II 
27 


15.08 
15.90 
15.08 
16.41 
16.31 

15.54 
15-18 
14.79 

15.54 
15.18 

15.13 
15.90 

14.79 
15.18 


0.104 

0.214 

0.097 

0.156 

0.160 

O.I4I 

0.502 

0.084 

0.489 

0.476 

0.056 

0.332 

0.031 

0.104 


50 
32 
41 
43 
30 

34 
24 
59 
41 

R 

05 

47 

22 
40 








34 
46 

15 

K 
R 

106 

20 


15-44 
15.08 

16.31 

16.06 






14.41 
14.74 






0.140 I J 
0.002 R 
0.124 67 

0.^8^ cc 


14.31 

14.31 

14.31 

14.31 
14.20 






14.79 






0.356 

0.007 

0.044 


sf%J 

44 

13 
07 


15-54 
14.69 

15-54 

15.85 
14.69 

16.06 










14.84 


0.532 


S 


O.I7IJ 63 

0.2 «;7 ^S 


14.41 
14.31 
14.41 






15-44 

15-44 
15.18 


0.461 
0.022 
0.09s 


106 
42 
23 


0.161 

0.313 
0.386 

0.304 

0.035 

O.IIO 

0.141 


65 

75 
10 

R 
119 

17 

39 








15-08 


0.464 


s 








16.31 
16.70 
16.06 


O.OII 

0.454 
0.485 


139 

31 
80 














14.41 






































































15-54 
14.64 

14.69 

14.36 
14.64 
14.64 

14.31 
14.46 

14.41 

14.95 
14.69 

14.64 

14.41 

14.69 

14.53 

14.31 
14.69 

14.36 
14.64 

14.36 
14.41 
14.64 
14.69 
14.64 
14.41 




• • 


16.36 
16.16 
16.31 
16.41 
16.60 
16.36 
16.60 
16.66 
16.70 
16.41 
16.16 
16.36 
16.31 
16.41 
16.21 

15-44 

15.85 
15.08 

15-49 
15-18 

14.84 

14.79 
15.08 

16.06 
15-29 


0.124 
0.162 
O.I71 
0.183 
0.192 
0.205 
0.213 
0.226 
0.236 
0.490 

0.499 
0.512 

0.521 

0.533 
0.541 

0.554 

0.563 
0.576 

0.585 

0.597 
0.605 

O.OII 

0.021 

0.035 
0.044 


64 

03 
05 

07 

20 

10 

13 

17 

21 

03 
14 
23 
30 

54 

59 
06 

57 
10 

38 

14 

r? 
21 

06 

K 
20 


16.41 
15.44 

15-49 
16.16 

15-54 
15-80 

15-80 
15-18 




• • 


16.12 

15-49 
15.28 
16.12 

15.85 
16.23 

15.70 
16.12 
16.23 
14.98 
14.50 
14.79 

14.79 
15-13 
14.50 
14.69 
14.46 
15.28 
15-28 
14.98 
14.98 

14.74 
15-28 
16.00 
15-28 


. . . . 




16.60 
16.16 
16.31 
16.41 
16.31 
16.16 
16.41 
16.31 
16.16 
16.41 
16.48 
16.41 
16.31 
16.12 
16.21 

15.54 

14.95 
14.79 

14.92 

14.79 

14.79 

14.79 
14.69 

15-08 
14.79 


0.223 
0.261 
0.270 
0.282 
0.291 
0.304 
0.312 

0.325 

0.335 
0.321 

0.330 

0.343 
0.352 
0.364 

0.372 
0.385 
0.394 
0.407 

0.416 
0.428 

0.436 
0.0 10 

0.020 

0.034 

0.043 


46 
II 

03 
12 

00 

12 

03 

09 

13 
22 

21 

20 

23 
46 

05 

31 
29 

08 

H 
II 

12 

24 

10 

22 


16.16 

15.32 
15.08 

15.29 
15.66 

16.06 

15.80 

15.66 

15.90 

1554 
15.08 
14.92 
15.08 

15.29 
15.08 
15.18 
14.79 

15.54 

15.44 
16.16 

15.54 

15.54 
16.16 

16.06 

16.31 


0.026 
0.064 
0.074 
0.086 

0.094 
0.108 
0.II6 
0.128 

0.138 

0.492 

0.501 

0.007 
0.016 
0.028 
0.036 
0.049 

0.058 

0.071 
0.080 
0.092 

O.IOO 
O.I 1 2 
0.122 
0.136 
0.145 


118 

07 
22 

12 

20 

45 
12 

13 
07 
48 

14 

00 

15 
30 

OS 
OS 
39 

25 

07 
70 

01 

10 

43 
24 
41 


15.08 

15-13 
15.08 

14.69 

14-95 
15.08 

14.79 

14.79 
15-44 
15-44 
15-44 

14.74 
15.18 

15-39 
15-44 
15-44 


• « • • 
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AMNALS OF HAKVARD COLLEGE OBSERVATORY 



J.D. 


No. 133. Per. 0^.55074 1 


No. 134. Per. 0^.6x699 1 


No. 135- Per. not det'd. 1 


N0.X36. Per. not det'd. 1 


No. 137. Per. o'.S77ox 1 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


3372.527 
3377.517 
3383.513 
3384.514 
3664.674 

3691.533 

" .643 
3692.540 

4067.520 

4071.577 

4073.585 
4077.492 

" .581 
4078.492 

4079.493 

•579 
4437550 

4456.502 

" -575 
4839.480 

4840.523 

4841.472 
" .503 
" -571 
" .603 

5160.741 

" -779 
" .788 

" .800 
" .809 
" .822 
" .830 
" .843 

" .853 

5161.713 

" .722 

" .735 

" .744 

" .756 

" .764 

" .777 
" .786 

" .799 
" .808 

" .820 

" .828 

" .840 

" .850 

" .864 

" .873 




d. 




16.41 


d. 
0.247 


01 


14.79 

14.74 
14.69 

14.31 


d. 




15.44 


d. 




16.70 
16.41 
16.60 
16.16 


d. 
0.467 
0.264 
0.490 

0.337 


04 
05 
07 

37 








16.41 


0.483 


07 


15.90 


0.127 


II 


• • • • 




14.79 




























14.64 


0.089 


27 


16.31 


0.269 


17 


14.69 
14.69 
14.69 
15.08 
14.69 
14.41 
14.79 
14.79 
14.79 
14.69 
14.69 
15.18 
14.74 
14.79 


• • • • 




14.69 






15.85 
16.5 

15.54 
16.31 

16.31 

16.66 

16.16 

16.31 

16.16 

15.18 

15.66 

16.70 

16.31 

16.31 


0.386 
0.496 
0.239 
0.163 
O.181 

0.458 
0.326 

0.415 
0.172 

0.019 

0.105 

0.330 
0.240 

0.313 


R 

■ • 

R 

31 
24 
00 

35 

32 

12 

44 

04 
18 

02 

18 


15.08 
16.41 
15.08 


0.54s 

0.471 
0.122 


38 

01 








• • • • 

• • • • 

• • • • 

• • • • 

• • • • 

• • • • 

• • • • 

• • • • 




14.74 
15.08 
14.64 
14.69 
15.18 

14.79 
14.69 

15.08 
15.08 

15.32 






16.48 
16.31 


0.509 
0.247 


10 
II 


14.79 
1508 


0.530 
0.068 


03 
26 


15.44 

15.54 
16.41 

16.06 

16.31 

16.60 

15.49 
16.06 


0.609 
0.081 

0.37s 
0.142 

0.228 

0.345 
0.17 1 

0.244 


14 
06 

14 

05 
01 

35 




















14.74 


0.080 


14 


• • • • 

• • • • 




15.08 














































































16.41 


0.170 


29 










































































17.04 

14.79 
14.84 
14.64 

14.79 

14.79 

14.79 
14.69 

14.69 

16.70 

16.66 

16.56 

16.41 

16.70 

16.70 

16.31 

16.60 

16.70 

16.82 

16.94 

16.94 

16.88 

16.60 

x6.i6 
1544 


0.473 
O.5II 

0.520 

0.532 
0.541 
0.003 
0.0 1 1 
0.024 
0.034 

0.343 
0.352 
0.365 
0.374 
0.386 

0.394 
0.407 

0.416 

0.429 

0.438 
0.450 

0.458 
0.470 

0.480 

0.494 
0.503 


40 
19 

01 

10 

08 
09 

09 

03 
04 

11 

05 
08 

03 
02 

3S 

10 

00 

12 
24 

25 
21 

01 

18 

08 


16.88 

16.41 

16.60 

16.41 

15.60 

16.70 

16.70 

16.60 

16.41 

16.16 

16.06 

16.16 

16.41 

16.41 

16.16 

16.31 

16.31 

16.48 

16.21 

16.70 

16.56 

16.31 

16.16 

16.70 

16.66 


0.424 
0.462 

0.471 
0.483 
0.492 

0.505 

0.513 
0.526 

0.536 
0.162 

O.I7I 
0.184 
0.193 
0.205 
0.213 
0.226 

0.235 
0.248 

0.257 
0.269 

0.277 

0.289 

0.299 

0.313 
0.322 


27 

Jp 
01 

00 
II 
12 

04 
II 
10 
06 
02 
18 

13 

15 
04 

07 

05 

23 
22 

07 
21 

37 
15 
09 


15.44 

14.15 
14.26 

14.41 

14.15 

14.31 
14.41 

14.41 

14.41 

14.31 
14.36 

14.41 

14.74 
14.41 
14.69 

14.64 
14.64 
14.69 
14.41 

14.79 
14.41 

14.41 

14.31 

14.31 
14.41 


• • • ■ 

• • • • 

• • • • 

• • • • 

• • • • 

• • • • 

• • • • 

■ • • • 

• • • • 

• • • • 

• • • • 

• • • • 

■ • t • 

• • ■ • 

• • • • 

• • • • 

• • • • 

• ■ • • 

• • • • 

• • • ■ 

• • • • 

• • • ■ 

• • • • 

• • • • 




15.54 
14.69 

14.79 

14.79 
15.44 
15.18 
14.89 
15.18 

14.79 

15.29 
15.18 

15.08 

15.08 

14.69 

15.18 

15.18 
14.84 
14.79 

15.54 

15.54 
15.08 

15.08 

15.18 

15.44 
15.18 






16.70 

14.64 

14.69 

14.64 

14.69 

15.18 

15.08 

15.18 

15.18 

16.56 

16.41 

16.70 

16.60 

16.60 

16.60 

16.66 

16.60 

16.60 

16.60 

16.76 

16.60 

16.79 

16.60 

16.70 

16.70 


0.527 

0.565 

0.574 
0.009 

0.018 

0.031 

0.039 

0.052 

0.062 

0.34S 
0.354 

0.367 
0.376 

0.388 

0.396 

0.409 

0.418 

0.431 

0.440 

0.452 
0.460 

0.472 
0.482 

0.496 
0.50s 


05 
08 

04 

04 

03 
30 

15 

05 
04 

00 

16 

13 
01 
00 
02 

03 

03 
04 

05 
10 

06 

13 

07 

03 
03 



OBSERVATIONS OF THE VAKIABLES 
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TABLE X 



ADDITIONAL OBSERVATIONS OF THE VARIABLES 



No. 


J.D. 


Maga. 


Phase 


Res. 


No. 


J.D. 


Magn. 


Phase 


Res. 


No. 


J.D. 


Magn. 


Phase 


Res. 


2 


d. 
4074.589 


14.98 


d. 

t • • • 


• • 


10 


4080.486 


14.84 


d. 
0.030 


OS 


14 


d. 
4140.478 


15.08 


d. 
0.126 


31 


tt 


4078.579 


15.28 


• • • • 


• • 




4085.487 


15.18 


0.476 


K 


IS 


3694.533 


14.50 


0.525 


12 


3 


3386.535 


14.41 


0.55^ 


I og 




" .561 


14.79 


0.550 


og 




3747.564 


14.79 


0.048 


08 




3390.524 


14.74 


0.07^ 


\ 21 


II 


3378.520 


16.66 


0.435 


08 




4074.589 


14.79 


0.013 


23 




3400.521 


14.46 


o.ooi 


\ 07 




3380.551 


16.12 


0.434 


46 


16 


3378.520 


14.74 


0.016 


07 




3693.568 


15.18 


o.ioi 


\ 01 




3389-545 


16.49 


0.286 


07 




3380.551 


14.46 


O.CX>I 


25 


4 


3395.513 


14.10 










3390.524 


16.49 


0.249 


04 




3397.535 


15.28 


0.106 


24 




3692.651 


14.10 










3395.513 


15.49 


0.159 


51 




3399.520 


15.13 


0.045 


II 




4074.589 


14.46 










3399.520 


14.95 


0.103 


37 




3400.521 


14.69 


0.023 


17 




4078.579 


14.69 










3400.521 


14.63 


0.088 


50 




3693.568 


14.79 


0.498 


17 




4080.486 


14.31 










3724.507 


14.57 


0.034 


07 




" .611 


15.13 


0.029 


24 




" .570 


14.41 










" .664 


16.00 


O.I9I 


33 




3694.655 


15.28 


0.050 


20 




4140.478 


14.79 










4036.555 


16.76 


0.231 


25 




4074.589 


15.28 


0.459 


08 




4438.541 


14.31 










4074.589 


16.23 


0.173 


07 


17 


3395.513 


15.28 


0.057 


00 


S 


3399.520 


15.08 


O.IO] 


[ 25 




4078.579 


15.54 


O.ICX) 


25 




3399.520 


15.44 


0.031 


35 




3400.521 


15.18 


0.09c 


> 01 




4080.486 


14.57 


0.483 


33 




3694.533 


15.13 


0.071 


34 




4085.487 


15.66 


o.ioi 


\ 27 




" .570 


15.18 


0.059 


40 




3721.510 


15.28 


0.546 


07 




4438.541 


15.08 


0.06 « 


) 27 




4084.540 


14.57 


0.474 


103 




" .641 


15.28 


O.IOI 


R 


6 


3389.545 


14.79 


0.05 s 


I 46 




4085.487 


16.66 


0.405 


06 




3724.507 


15.28 


0.086 


3S 




3390.524 


14.79 


0.00s 


2 39 




" .561 


14.50 


0.479 


75 




4807.613 


15.18 


0.087 


49 




3694.533 


14.79 


0.04: 


\ 30 




4438.541 


i6.cx> 


0.469 


00 


18 


3389.545 


15.13 


0.006 


13 




4074.589 


14.79 


0.00c 


) 32 




4807.613 


16.66 


0.297 


10 




3692.651 


14.79 


0.026 


28 




4140.478 


15.18 


0.06^ 


\ 20 




4839.521 


16.36 


0.207 


07 




3693.654 


15.13 


0.513 


13 


7 


3380.551 


14.46 


O.CX>] 


[ 06 




" .563 


16.23 


0.249 


30 




3724.664 


14.79 


0.027 


28 




3386.535 


14.31 


o.oi( 


> ^3 




" .604 


16.49 


0.290 


07 




4084.540 


15.44 


0.021 


41 




3390.524 


14.36 


0.02* 


> ^5 




4841.537 


16.23 


0.192 


to 




4085.561 


15.13 


o.(x>9 


13 




3395.513 


14.36 


0.04c 


> JO 




4842.489 


16.12 


0.128 


46 


19 


3693.611 


15.44 


0.075 


35 




3397.535 


14.50 


0.072 


X 56 


12 


3386.535 


15.13 


• • • • 






a * 


4085.487 


15.54 


0.405 


06 




3399.520 


14.50 


o.o6f 


\ R 




3395.513 


15.13 




1 • • • 






20 


3378.520 


14.69 


0.065 


32 


9 


3378.520 


15.13 


0.53^ 


\ K 




3400.521 


15.13 




1 • « • 








4074.589 


14.84 


0.467 


34 




3397.535 


14.46 


0.05] 


[ 2g 




3693.568 


14.98 




t • • • 








4078.579 


14.69 


0.035 


04 




3692.651 


14.79 


O.OI5 


\ 21 




3694.533 


15.13 




• • • 








4080.486 


14.69 


0.468 


19 




4036.555 


15.32 


O.OIC 


) 72 




3724.507 


15.28 




» ■ • • 








.570 


15.08 


0.061 


09 




4140.478 


15.13 


0.50:2 


I 72 




4085.487 


14.98 




• • • 








4084.540 


15.54 


O.IOI 


15 


lO 


3380.551 


14.64 


O.OI] 


[ 12 




4140.478 


14.98 




. . . 








4085.487 


14.69 


0.065 


32 




3400.521 


14.84 


0.04c 


) 02 


13 


3390.524 


14.74 


0.047 


06 




4140.478 


14.69 


0.032 


cx> 




3412.504 


15.13 


0.072 


\ 09 




3747.564 


15.13 


0.098 


07 




4807.613 


14.74 


0.486 


29 




3692.651 


14.79 


0.02 ( 


i 01 




4074.589 


15.13 


0.085 


30 


21 


3389.545 


15.08 


0.082 


33 




3721.641 


15.08 


0.54] 


[ 09 


14 


3380.551 


14.74 


0.031 


12 




3390.524 


14.84 


0.028 


12 




3724.507 


14.79 


0.55^ 


) 01 




3389.545 


15.13 


0.138 


40 




3724.664 


14.92 


0.018 


01 




4036.555 


15.08 


0.521 


t 55 




3694.655 


14.79 


0.554 


01 




4080.486 


14.84 


0.516 


07 



40 



ANNALS OP HASVASO COLLEGE OBSERVATORY 



No. 


J.D. 


VLVS^. 


Phase 


Res. 


No. 


J.D. 


Magn. 


Phase 


Res. 


No. 


J.D. 


Magn. 


Phase 


Res. 


22 


3378.520 


14.74 


0.061 


3t 


30 


3390.524 


14.69 


d. 

• • • • 


■ ■ 


39 


d. 
3378.520 


15-49 


d. 
0.129 


32 




3390524 


14.79 


0.029 


35 




3395.513 


14.41 


• • • • 


• • 


It 


3395.513 


15-18 


0.096 


26 




3724.664 


14.79 


0.035 


25 




4074.589 


14.74 


• • • • 


• • 


(t 


3412.504 


14.98 


0.062 


13 




4080.486 


14.79 


0.058 


16 




4078.579 


14.79 


• • • ■ 


• • 


it 


4080.570 


15.18 


0.019 


48 


23 


3378.520 


14.69 


0.062 


01 


31 


3395-513 


14.36 


0.033 


19 


a 


4140.478 


15.13 


0.044 


18 




3397-535 


14.74 


0.546 


05 




3413.503 


14.50 


0.02c 


) 01 


40 


3693.525 


14.74 


0.074 


2^ 




3400.521 


14.50 


0.544 


21 




4036.555 


14.46 


o.5ig 


) 94 


(t 


" .568 


15.13 


O.II7 


3S 




3694.655 


14.50 


0.575 


03 




4438.541 


14.98 


0.062 


27 


t( 


" .611 


15.28 


0.160 


86 




3724.507 


15-13 


0.538 


00 


32 


3693.568 


14.64 


o.oog 


1 29 


(( 


3694.655 


15.13 


0.099 


17 




4078.579 


14.98 


0.133 


05 




3747.564 


14.64 


O.OII 


27 


it 


3747.564 


14.98 


0.530 


03 




4080.486 


15-13 


0.246 


47 




4807.613 


14.46 


0.485 


08 


(t 


4036.555 


14.79 


0.064 


13 




4084.540 


14.79 


O.I16 


15 


33 


3413.503 


14.92 


0.015 


14 


<( 


4074.589 


15.13 


0.535 


24 




4140.478 


15-13 


0.461 


88 




3694.533 


14.74 


0.047 


36 


« 


4084.540 


14.79 


0.542 


04 


24 


3378.520 


15-08 


0.029 


25 




3724.507 


15.49 


0.083 


^5 


(( 


4807.613 


15.28 


0.524 


00 




3380.551 


14.74 


0.066 


22 




" .664 


14.46 


0.24G 


» R 


41 


3399.520 


15.18 


0.428 


62 




3386.535 


15-08 


0.069 


13 




3747.564 


14.95 


0.030 


1 04 


(( 


3724-507 


15.44 


0.009 


44 




3390.524 


1544 


0.070 


K 




4080.486 


14.79 


0.481 


48 


i( 


4078.579 


14.79 


0.020 


21 




3693-568 


14.79 


0.066 


17 


34 


3378.520 


15.32 


0.549 


24 


tt 


4080.486 


14.79 


0.470 


27 




" .611 


14.74 


0.109 


R 




3397.535 


15.44 


0.555 


42 


li 


4438.541 


15.08 


0.093 


50 




4036.555 


14.95 


0.130 


36 




3724.664 


15-08 


0.057 


10 


42 


3389-545 


14.46 


0.579 


19 




4085.561 


14.79 


0.621 


12 




3747.564 


14.79 


0.035 


28 




3395-513 


14.46 


0.054 


10 




4438.541 


14.79 


0.045 


08 




4036.555 


15-13 


0.53s 


08 


<( 


3693-568 


14.79 


0.048 


32 


25 


3389-545 


15-18 


O.I16 


82 




4074.589 


14.84 


0.551 


21 


t< 


3724.507 


15-54 


0.296 


70 




3399-520 


14.74 


0.013 


09 




4807.613 


14.79 


0.049 


34 


43 


3390.524 


14.46 


0.052 


28 




3400.521 


14.79 


0.054 


03 


35 


3378.520 


14.50 


0.022 


18 


(( 


3397.535 


15-08 


0.036 


41 




3412.504 


15.08 


0.040 


32 




3395.513 


14.69 


0.032 


03 


« 


3692.651 


14.36 


0.034 


30 




3413-503 


15-18 


0.079 


01 




3412.504 


14.98 


0.041 


20 


« 


4078.579 


14.69 


0.038 


01 




3694.655 


14.84 


0.009 


20 


36 


3389.545 


15.08 


0.052 


08 


K 


4084.540 


15-18 


0.053 


42 




3721.510 


15-54 


0.470 


78 




3395.513 


14.79 


0.019 


04 


(t 


4085.561 


14.74 


0.533 


08 




3724.507 


15-54 


0.107 


26 




3413-503 


14.79 


0.005 


01 


« 


4438.541 


15.08 


0.020 


R 




4078.579 


14.64 


0.013 


'02 




3694.533 


15.08 


0.067 


21 


44 


3399-520 


15.44 


O.151 


66 




4080.486 


14.41 


O.OOI 


2J 




3724.507 


14.92 


0.034 


03 


(( 


3721.510 


15.08 


0.070 


03 




4140.478 


14.69 


0.005 


OS 




4078.579 


15.18 


0.031 


25 


a 


3724.507 


14.31 


0.029 


40 




4438.541 


14.69 


0.050 


II 




4084.540 


14.79 


0.537 


02 


a 


4080.486 


14.84 


0.009 


07 




4807.613 


15-44 


0.079 


27 


37 


3380.551 


14.98 


t • • • 






It 


4438.541 


14.79 


0.039 


10 


26 


3693-654 


14.79 


0.018 


26 




3399-520 


15-18 


• • t • 






45 


3378.520 


15.08 


0.000 


28 




3747-564 


1554 


0.130 


14 




3400.521 


15-18 


• • • • 






« 


3399.520 


15.18 


0.062 


40 




4078.579 


14.64 


0.590 


10 




3724.507 


15.13 


• • • • 






i< 


3400.521 


14.69 


0.526 


12 




4084.540 


14.92 


0.573 


00 




4074.589 


15.28 


• • • • 






<( 


4078.579 


14.79 


0.517 


15 




4438.541 


15-44 


0.109 


00 




4080.486 


15.08 


■ • t • 






(( 


4084.540 


15.49 


0.036 


27 


27 


3399-520 


15-13 


0.008 


II 




4085.487 


15.44 


• • • • 






(( 


4085.561 


14.98 


0.520 


14 




3747-564 


15-28 


0.016 


19 




4438.541 


15.13 


• • t • 






46 


3389.545 


15.29 


0.061 


4^ 




4080.486 


14.95 


0.564 


09 




4807.613 


15.28 


• • • • 






(< 


4074-589 


15.44 


0.553 


S7 




" .570 


15.49 


0.068 


22 


38 


3694.533 


15.28 


0.048 


33 


tt 


4807.613 


15.44 


0.042 


15 




4084.540 


15-13 


0.557 


06 


it 


4080.570 


15.28 


0.103 


17 


47 


4074.589 


14.74 


0.473 


56 



OBSERVATIONS OF THE VASIABLES 



41 



No. 


J.D. 


Mtgn. 


Phase 


Res. 


No. 


J.D. 


Magn. 


Phase 


Res. 


No. 


J.D. 


Magn. 


Phase 


Res. 


47 


d. 
4080.570 


14.69 


d. 
0.503 


18 


55 


d. 
3694.533 


14.50 


d, 
0.097 


61 


61 


d. 
4085.487 


iSo« 


d, 
0.050 


15 


ti 


4085.487 


15-08 


0.009 


18 




3747.564 


14.98 


0.071 


01 


62 


3378.520 


iS-44 


0.610 


15 


If 


3399-520 


15-44 


0.025 


36 




4078.579 


14.79 


O.OIO 


26 




3380.551 


1508 


0.031 


21 




3692.651 


15.18 


0.601 


00 




4085.487 


14.46 


0.021 


14 




3395-513 


1508 


0.640 


18 




3694533 


15-18 


0.599 


04 




" .561 


14.98 


0.09s 


12 




3397.535 


15-49 


0.052 


II 




3724.664 


15-08 


0.596 


18 


S6 


3386.535 


15-28 


0.472 


25 




3412.504 


1508 


0.016 


18 




4080.570 


15-44 


0.539 


55 




3390.524 


15.18 


0.002 


28 




3693.611 


15-44 


0.587 


06 




4438-541 


15-08 


0.037 


06 




3395.513 


15.28 


0.037 


26 




4074.589 


15-54 


0.557 


08 




4807.613 


15-54 


0.590 


24 




4084.540 


15.44 


0.388 


68 




4078.579 


15-54 


0.633 


28 


49 


3397-535 


15-08 


0.077 


16 




4085.561 


15.44 


0.418 


28 




4080.486 


1S-18 


0.582 


22 




4080.486 


14.74 


0.507 


15 


57 


4036.555 


14.79 


0.059 


23 




4140.478 


15-44 


0.553 


26 




" .570 


15-54 


0.043 


53 




4078.579 


14.79 


0.019 


09 


63 


3380.551 


15-13 


0.556 


35 




4085.487 


15-54 


0.026 


63 




4080.570 


15.44 


0.471 


39 




3395-513 


15-49 


O.I16 


36 




4438.541 


14.79 


0.033 


17 




4807.613 


15.44 


0.123 


31 




3400.521 


14.74 


0.561 


04 


SO 


3378.520 


15-70 


O.I2I 


14 


58 


3378.520 


15.54 


0.139 


14 




3412.504 


14.79 


0.565 


06 




3398.510 


14.98 


O.IOO 


28 




3395.513 


15.08 


0.081 


15 




3724.507 


15-54 


0.548 


54 




3399-520 


14.98 


0.084 


14 




3399520 


15.13 


0.471 


33 




4036.555 


iS-08 


0.006 


33 




3400.521 


14.69 


0.059 


22 




3400.521 


14.79 


0.439 


33 




4080.486 


15-54 


0.015 


R 




3694-533 


14.98 


0.064 


02 




3412.504 


14.79 


0.021 


16 




4084.540 


15-54 


0.076 


01 




4085.487 


15-28 


0.036 


48 




3413.503 


14.79 


0.503 


17 


64 


3380.551 


14.84 


0.024 


20 




4438.541 


15.28 


0.077 


22 




3693.568 


14.79 


O.51I 


18 




3397-535 


14.84 


0.055 


51 


SI 


3397-535 


15.28 


0.125 


54 




" .6x1 


14.74 


0.037 


06 




3400.521 


14.84 


0.014 


18 




3693-525 


15-13 


0.032 


II 




3694.533 


15.08 


0.443 


01 




3693-525 


15-18 


0.580 


06 




" .568 


15-54 


0.075 


24 




" .655 


14.79 


0.048 


04 




" .568 


i5-i8 


0.018 


15 




" .611 


15-54 


O.I18 


18 




3721.510 


14.79 


0.034 


II 




3724.507 


15-49 


0.078 


II 




3694.655 


15-44 


0.578 


38 




3724.507 


15.08 


0.447 


01 




4078.579 


15-44 


0.562 


18 




3721.510 


15-13 


0.570 


05 




" .664 


14.46 


0.088 


R 




4807.613 


15.18 


0.016 


16 




3724.507 


14.98 


0.063 


22 




4036.55s 


14.92 


0.402 


70 


65 


3395.513 


15-08 


0.081 


06 


Sa 


3397-535 


14.46 


0.077 


54 




4078.579 


14.69 


0.056 


09 




3397.535 


14.92 


0.098 


41 




3398.510 


14.79 


0.020 


26 




4080.570 


14.64 


0.497 


01 




3399-520 


14.92 


0.078 


16 




3399-520 


14.50 


0.513 


03 




4140.478 


15.13 


0.467 


30 




3413-503 


14.79 


0.026 


IS 




3413-503 


14.74 


0.042 


08 




4807.613 


14.79 


0.013 


17 




3693-525 


14.79 


0.013 


24 




4080.486 


15-08 


0.069 


18 


59 


3693.568 


14.98 


0.003 


12 




'' .568 


15-08 


0.056 


20 




4084.540 


14.69 


0.509 


00 




" .611 


15-13 


0.046 


01 




3721.641 


15-08 


0.059 


16 


S3 


3692.651 


14.50 


O.OII 


15 




4084.540 


15.13 


0.005 


26 




4080.486 


14.84 


0.006 


32 




3694655 


14.98 


0.500 


59 




4140.478 


15.13 


0.006 


26 




" .570 


15-54 


0.090 


28 




3724-507 


14.74 


0.059 


28 




4807.613 


14.74 


0.019 


12 




4084.540 


15-44 


0.050 


R 




4085.487 


15-28 


0.042 


48 


61 


3378.520 


14.79 


0.012 


04 




4807.613 


15-08 


0.647 


33 




4140.478 


14.50 


0.000 


17 




3389.545 


15.08 


0.097 


45 


66 


3389-545 


15-13 


0.063 


25 


54 


3693-525 


14.41 


0.478 


37 




3390.524 


14.46 


0.034 


3S 




3399-520 


15-28 


O.II4 


46 




" .568 


14.50 


0,020 


05 




3400.521 


15.13 


0.133 


95 




3412.504 


15-28 


0.073 


18 




3694.533 


14.41 


0.483 


19 




3412.504 


14.92 


0.134 


116 




3694.655 


15-28 


0.015 


18 




4140.478 


14.98 


0.040 


23 




3413.503 


14.79 


0.091 


69 




3724.507 


15-28 


0.095 


33 


5S 


3399-520 


15.28 


0.081 


28 




3692.651 


15.18 


O.OIO 


43 


67 


3413.503 


14-98 


O.OIO 


R 


<< 


3400.521 


14.50 


0.021 


10 




3724.507 


15.08 


0.088 


36 


68 


3386.535 


15-44 


0.466 


54 



42 



ANNALS OF HAKVARD COLLEGE OBSERVATORY 



Na 


J.D. 


Magn. Ph 


ase Res. 


No. 


J.D. 


Magn. Ph 


ase R4 


n. No. 


J.D. 


Magn. 


Phase 


Res. 


68 


3395-513 


d 

15.08 O.C 


>98 00 


72 


d. 
3721.510 


d 
14.69 0.^ 


• 

53 2 


7 77 


d. 
3694-533 


15.08 


d. 
O.I16 


64 




3693-525 


15-54 O.C 


>89 52 


s< 


3747-564 


14.79 O.C 


>54 


9 " 


4438-541 


15-18 


0.452 


K 




3694.533 


15.08 O.C 


>59 18 


(( 


4078.579 


14.74 0.4 


^I5 7 


6 78 


3390-524 


14.74 


0.041 


01 




4074.589 


15.18 O.C 


>6i 28 


ti 


4080.486 


15.18 O.C 


>42 4 


5 " 


4807.613 


14.74 


0.536 


58 




4084.540 


15.44 O.I 


47 ^^ 


(( 


4084.540 


14.84 0.4 


■47 3 


8 79 


3390524 


14.84 


0.050 


32 




4140.478 


15-13 O.C 


>ii 18 


'ii 


4085.487 


14.69 O.C 


»26 I 


2 " 


3724.664 


15.18 


0.313 


142 




4807.613 


14.46 o.A 


^93 ^7 


(( 


4438.541 


15.18 O.C 


>78 


4 " 


4036.555 


15.08 


0.102 


61 


69 


3378-520 


15-54 O.I 


07 08 


73 


3413.503 


15-54 .. 




tt 


4078.579 


15-44 


0.028 


43 




3395-513 


15.18 O.I 


02 24 


<< 


4080.486 


15.54 •• 




tt 


4140.478 


15-54 


0.474 


57 




3400.521 


15.18 O.C 


>ii 18 


« 


.570 


15-44 .. 




tt 


4438.541 


14.64 


0.467 


38 




3693.611 


15.18 O.I 


69 95 


ii 


4084.540 


15-44 .. 




. 80 


3378.520 


15-08 


0.107 


29 




" .654 


15.13 0.2 


12 137 


(( 


4140.478 


15-44 .. 




tt 


3380.551 


14.64 


0.520 


19 




4080.486 


15.32 O.C 


>56 19 


74 


3386.535 


15.03 O.C 


K>5 2 


9 " 


3386.535 


14.79 


0.032 


03 




4085.487 


15-44 0.5 


;24 18 


ti 


3389.545 


14.84 O.C 


»62 4 


2 " 


3399-520 


15.44 


0.073 


36 




4140.478 


15.18 0.5 


;55 16 


<( 


3390.524 


14.74 O.C 


^57 4 


2 " 


3400.521 


14.79 


0.535 


02 




4438.541 


15.08 O.C 


>20 07 


(< 


3692.651 


14.79 O.C 


^04 


5 " 


3413-503 


1508 


0.033 


25 


70 


3378.520 


15-54 .. 






(< 


3693.654 


14.74 O.C 


►22 


P " 


3694-655 


15-54 


0.189 


56 




3389-545 


15.18 .. 






<( 


3694.655 


15.08 O.C 


►39 I 


3 " 


4080.570 


15-49 


0.476 


00 




3390.524 


15.08 .. 






it 


3724.664 


14.46 O.C 


►27 3 


8 " 


4085.487 


14.69 


0.539 


08 




3395-513 


15.08 .. 






it 


4074.589 


15.13 O.C 


^33 2 


2 " 


" .561 


14.79 


0.074 


2Q 




3413-503 


15-44 .• 






(t 


4080.486 


15.08 O.C 


►24 2 


4 81 


3378.520 


14.79 


0.051 


09 




3693-525 


15-44 .. 






tt 


4140.478 


14.64 O.i) 


.66 3 


4 " 


3380.551 


15.18 


0.494 


00 




3694.533 


15.18 .. 






75 


3378.520 


15-44 • . 




It 


3397-535 


15-13 


0.018 


35 




3721.641 


15.08 .. 






tt 


3389.545 


15.08 .. 




tt 


3413-503 


15-18 


O.II3 


26 




3724.507 


14.84 .. 






tt 


3390.524 


15-44 .. 




It 


3724.507 


14.69 


0.006 


07 




" .664 


15.08 .. 






tt 


3395.513 


15.08 .. 




tt 


4080.570 


14.79 


0.514 


02 




3747.564 


15.49 .. 






tt 


3400.521 


15-44 .. 




tt 


4140.478 


15-44 


0.105 


10 




4036.555 


15.18 .. 






tt 


3693.525 


15-18 .. 




tt 


4807.613 


14.64 


0.045 


20 




4074.589 


15-44 .. 






tt 


" .568 


15.18 .. 




. 82 


3413-503 


15-28 


0.518 


37 




4080.486 


15-44 . • 






tt 


" .611 


15-44 .. 




tt 


3693-525 


14.79 


0.051 


09 




4085.561 


15-18 .. 






tt 


3694.533 


15.08 .. 




tt 


" .568 


14.98 


0.094 


08 




4438.541 


15-13 •• 






tt 


3724.664 


15.08 .. 




tt 


3724-507 


14.98 


0.043 


12 




4807.613 


15.08 .. 






tt 


3747.564 


15-13 .. 




tt 


3747-564 


15.08 


0.514 


15 


71 


3390.524 


14.95 O.C 


05 00 


tt 


4078.579 


15.18 .. 




tt 


4036.555 


14.98 


0.086 


05 




3395.513 


15.13 O.C 


>52 34 


tt 


4080.486 


14.89 .. 




tt 


4080.570 


14.79 


0.505 


21 




3693.568 


15.08 0.5 


128 05 


tt 


4084.540 


15-18 .. 




tt 


4807.613 


14.84 


0.063 


07 




" .611 


15.18 O.C 


>2I 06 


tt 


4085.487 


15.08 .. 




■ 83 


3378.520 


14.41 


0.055 


21 




3694.655 


1544 0.5 


;i6 26 


tt 


4140.478 


15.18 .. 




• 


3380.551 


14.50 


0.081 


26 




4074.589 


15-08 0.5 


;i5 06 


tt 


4438.541 


15.18 .. 




« 


3386.535 


14.74 


0.050 


15 




4140.478 


14.92 0.5 


;i9 21 


tt 


4807.613 


15.08 .. 




tt 


3389.545 


14.69 


0.053 


08 




4807.613 


15-13 O.C 


>2I 00 


77 


3399.520 


14.79 0.4 


.58 I 


6 " 


3390-524 


14.69 


0.029 


15 


72 


3378.520 


15.44 0.4 


^3I 72 


tt 


3400.521 


14.69 O.C 


>8i 5 


2 " 


4036-555 


14.98 


0.457 


22 




3389.545 


14.79 O.C 


>54 08 


tt 


3692.651 


14.46 O.C 


71 6 


84 


3386-535 


15-44 


0.566 


27 




3399.520 


15.08 0.4 


^52 67 


tt 


3693568 


15.08 O.C 


)6g 


5 " 


3389.545 


15-18 


0.002 


35 




3694.655 


14.79 O.C 


>5o 03 


tt 


" .6x1 


15.18 O.I 


12 5 


I " 


3395.513 


15-03 


0.012 


16 



OBSERVATIONS OF THE VARIABLES 



43 



No. 


J.D. 


Magn. Pli 


aae Res. 


No. 


J.D. 


Magn. 


Phase 


Res. 


No. 


J.D. 


Magn. 


Phase. 


Ret. 




d. 


d 


■ 




i. 




d. 






d. 




d. 




84 


3694-533 


15.18 o.s 


172 10 


88 


3747-564 


14.98 


0.065 


13 


93 


3389-545 


15.18 < 


x6oo 


14 




3747-564 


15.18 0.5 


[83 24 


(( 


4078.579 


14.98 


0.065 


13 




3724.507 


15.28 ( 


5.070 


05 




4036.555 


15.18 o.c 


►49 16 


91 


3378.520 


16.66 


0.322 


03 




4078.579 


15.28 ( 


>.S8o 


24 




4074.589 


15.18 0.5 


;52 26 




3380.551 


16.23 


0.232 


26 




4084.540 


15-44 < 


5.518 


17 




4080.570 


15.08 0.5 


\^6 04 




3386.535 


16.82 


0.384 


07 


94 


3693-525 


14.79 ^ 


5.511 


06 


8S 


3378.520 


15.18 .. 








3389545 


16.49 


0.213 


08 




'' .568 


14.98 ( 


5.030 


10 




3380.551 


15-84 .. 








3390.524 


16.II 


0.132 


10 




'' .611 


IS-I3 < 


5.070 


3S 




3389-545 


15.13 • 








3395-513 


16.66 


0.349 


06 




3694.65s 


15-44 < 


5.069 


06 




3390.524 


14.79 • 








3397-535 


16.49 


0.250 


04 




3724.507 


15-32 c 


5.071 


19 




3395-513 


15.13 •- 








3398.5x0 


16.23 


0.165 


02 




3747-564 


15.28 c 


5.085 


52 




3399-520 


15-23 .. 








3399.520 


15.70 


O.II4 


18 




4036.555 


14.79 < 


>.5i7 


12 




3400.521 


14.79 - 








3400.521 


14.98 


0.05s 


H 




4080.486 


15.28 c 


MS7 


IS2 




3692.651 


15.08 .. 








3412.504 


16.66 


0.374 


09 




" -570 


14.98 ( 


5.018 


22 




3721.510 


14.84 . . 








3413-503 


16.49 


0.313 


18 


95 


3378.520 


13.45 










3724.664 


15.18 .. 








3692.651 


15-08 


0.050 


00 




3380.551 


13.40 










4080.486 


15.13 -. 








3693-525 


16.82 


0.394 


06 




3386.53s 


13-45 










4085.487 


15-13 •. 








" .568 


16.82 


0.437 


05 




3389545 


13.40 










" .561 


15-44 .. 








" .611 


16.82 


0.480 


09 




3390-524 


13-45 








86 


3386.535 


15-32 0.3 


,66 no 




3694.533 


16.66 


0.342 


06 




3395513 


13-50 










3389.545 


15.44 O.C 


►63 26 




" .655 


16.82 


0.464 


07 




3397-535 


13.50 




/ 






3413-503 


15.08 0.^ 


^11 04 




3721.510 


16.49 


0.279 


II 




3398-510 


13-50 










3693-568 


15.44 O.C 


►63 25 




" .641 


16.66 


0.410 


II 




3399-520 


13.55 










" .611 


15.44 O.I 


06 04 




3724.507 


14.98 


0.095 


74 




3400.521 


13-55 










3721.641 


15.08 0.3 


.85 19 




" .664 


16.49 


0.252 


05 




3412.504 


13-55 










3724.664 


15.18 O.C 


►94 12 




3747.564 


16.82 


0.354 


09 




3413503 


13.70 










4036.555 


15.44 O.C 


►92 15 




4036.555 


16.66 


0.391 


10 




3692.651 


13-45 










4074.589 


15.44 O.C 


►20 37 




4074.589 


16.66 


0.251 


12 




3693525 


13.35 










4080.486 


15-54 O.I 


18 13 




4078.579 


14.98 


0.530 


10 




" -568 


13.40 










4084.540 


15.08 O.C 


►30 01 




4080.486 


16.82 


0.316 


15 




" .611 


13.40 










4085.487 


15.44 O.I 


49 08 




" -570 


16.82 


0.400 


06 




" .654 


13.40 










4140.478 


15.08 O.C 


\$i 06 




4084.540 


16.00 


0.129 


01 




3694.533 


13.35 








87 


3389-545 


15-44 .. 








4085.487 


14.98 


0.015 


10 




" .655 


13.50 










3395-513 


15.08 .. 








" .561 


15-54 


0.089 


07 




3747564 


13.80 
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Table X contains additional observations of the variables, when near maximum, 
on 40 A and X plates. In a few cases, where the period was doubtful, the vari- 
ables have been measured on these plates, when they were not near maximum. 
The first column gives the nimiber of the variable, and the second column, the 
Julian Date of the observation. The third, fourth, and fifth columns contain the 
magnitude, the phase, and the corresp)onding residual from the smooth curve, as 
in Table IX. All the explanations in regard to magnitudes, phases, and residuals, 
given on page 13 for Table IX, apply equally well to the corresponding quantities 
m Table X. 

As stated above, whenever the residuals of the variables, given in Tables IX and 
X, were 0.40, or greater, the corresponding stars were remeasured. The results of 
these remeasurements will be found in Table XI. The first column gives the nimi- 
ber of the variable, and the second coUmm, the Julian Day and thousandths. The 
third column contains the magnitudes derived from the remeasures. In making 
these remeasurements, the magnitude was estimated directly without the use of 
grades, by comparison with the known magnitudes of the comparison stars. The 
fourth column gives the residual derived from the original measure, taken from the 
third column of Table IX, or the fifth column of Table X. The fifth colunm 
contains the corresponding residual from the magnitude given in the third column 
of the present table. The sixth column gives the difference, expressed in hundredths 
of a magnitude, between the magnitudes obtained by the two measurements. The 
quantity in the sixth column should therefore be equal to that in the fifth, less 
that in the fourth column, except for the accidental error in reading the residuals 
from the curve, which in extreme cases may amount to several hundredths of a 
magnitude. The seventh column gives the result of a third examination of those 
photographs on which the two measurements of a star differed by 0.40, or more. 
In this column i denotes that the first, and 2, that the second measure was con- 
sidered more nearly correct. The letter D indicates that the comparison was for 
some reason difficult, and hence doubtful. This may be due to defects or other 
causes, and, in such cases, the observation should perhaps have been omitted. 
In some cases, no remeasurement was made and dots therefore are inserted in 
the third, fifth, and sixth colmnns. 
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TABLE XI 



REMEASUREMENTS OF THE VARIABLES 
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4071.577 


15.10 


56 


74 


18 






4071.577 


15.00 


48 


25 


26 






tt 


4077.581 


15.20 


43 


73 


29 





48 



ANNALS OF HA&VASD COLLEGE OBSERVATORY 



No. J. D. 


MagD. 


Ret. 


Ret. 


Da. 


R. No. 


J.D. 


Magn. 


Ret. 


Res. 


Diff. 


R. 


23 


<2. 
4078.492 


16.10 


137 


143 


10 ] 


D 34 


d. 
4067.520 


• • 


48 


• • 


• • 


D 




4080.486 


15-00 


47 


60 


13 


» • 


4073.585 


16.05 


43 


38 


06 








4140.478 


15-15 


88 


87 


02 


» • 


4079.579 


15-00 


44 


60 


18 








4456.502 


15-85 


63 


16 


46 


2 " 


4839.480 


15-65 


77 


53 


25 








" .575 


16.50 


42 


55 


14 


» • 


4841.603 


16.10 


30 


JO 


20 






24 


3390.524 


14.98 


47 


01 


46 


2 " 


5160.853 


16.55 


71 


75 


01 








3691.533 


15-28 


47 


46 


01 


35 


4456.502 


15-70 


65 


44 


21 








" .643 


14-75 


53 


59 


04 


■ • 


5161.735 


15-85 


48 


60 


15 








3693.611 


15-28 


43 


10 


54 


2 " 


" .756 


15-80 


48 


28 


20 








4839.480 


• • 


54 


• • 


.. ] 


D 36 


4073.585 


14-95 


56 


32 


21 








5160.830 


16.00 


40 


SS 


10 


» • 


4078.492 


14-95 


56 


45 


II 








5161.786 


16.10 


40 


02 


44 


2 " 


4079.579 


14-95 


52 


64 


13 






25 


3377.517 


16.Q0 


60 


70 


10 




4456.575 


16.50 


140 


120 


20 








3389.545 


15.10 


82 


90 


08 


,. 38 


4067.520 


16.75 


172 


165 


07 








3721.510 


15-70 


78 


95 


16 




4078.492 


16.25 


51 


50 


02 








4079.493 


14.50 


56 


70 


19 




4079.493 


15-65 


47 


37 


09 








4841.603 


15.10 


48 


40 


08 . 




" .579 


16.25 


44 


42 


02 






26 


3377.517 


15-50 


54 


26 


30 




4456.502 


16.50 


60 


45 


16 








5161.808 


15.10 


51 


20 


31 


39 


3372.527 


1525 


66 


62 


03 








" .820 


15-10 


53 


38 


15 




4073.585 


1565 


42 


35 


05 






27 


3384.514 


15-75 


41 


18 


26 . 




4080.570 


14-95 


48 


27 


23 








3691.533 


16.50 


40 


13 


27 




4841.472 


15-30 


52 


26 


24 








3692.540 


15-28 


91 


77 


15 




" .503 


1585 


52 


51 


00 






28 


4067.520 


16.05 


60 


25 


35 1 


D " 


" .571 


16.25 


47 


22 


24 








4073.585 


15-28 


86 


90 


04 




" .830 


14-45 


44 


38 


04 








4079.579 


16.10 


41 


36 


01 


40 


3692.540 


15-85 


63 


62 


00 








4437.550 


15-75 


81 


55 


26 , 




3693.611 


15-35 


86 


80 


07 








5160.853 


15-25 


40 


05 


33 • 




4437.550 


15-10 


42 


39 


03 






31 


4036.555 




94 




.. ] 


D 


4841.503 


16.40 


46 


20 


26 








4840.523 




47 




.. ] 


D 41 


3383.513 


1550 


72 


18 


56 


D2 




4841.472 




66 




.. ] 


D 


3384.514 


15-28 


92 


26 


66 


D2 




" .503 




59 




.. ] 


D 


3399.520 


15-50 


62 


30 


32 








" .571 




86 




.. ] 


D 


3724.507 


15.10 


44 


10 


34 


. 




32 


3372.527 


15-85 


135 


120 


15 1 


D " 


4077.492 


16.20 


62 


47 


14 








3377.517 


15.10 


92 


75 


18 ] 


D 


4078.492 


15-30 


48 


80 


130 


/ 

4 


I 




3692.540 


14.90 


53 


30 


23 ■ 


• 


4079.493 


14.60 


51 


72 


19 








4071.577 


14.98 


55 


24 


30 


► • 


4438.541 


15-00 


50 


60 


08 








4079.493 


15-35 


65 


72 


07 ] 


D " 


4456.502 


14.98 


51 


30 


19 


• 






4456.575 


15-50 


55 


77 


20 ] 


D 


4840.523 


16.50 


40 


34 


10 








5161.764 


14.50 


70 


98 


2Q ] 


D 


4841.503 


16.25 


70 


40 


35 






33 


3724.664 


16.80 


211 


23 


234 


2 " 


" .571 


1565 


54 


65 


11 


. 






4078.492 


15-30 


78 


03 


86 


2 " 


5160.741 


16.50 


130 


120 


JO 








4079.493 


15.00 


41 


25 


18 , 


• 


5161.713 


16.40 


102 


104 


OJ 








4080.486 


14-75 


48 


50 


04 


» m 


" .722 


16.45 


56 


65 


09 






34 


3397.535 


15-50 


42 


48 


06 , 


* m 


" .756 


16.50 


42 


22 


20 







OBSERVATIONS OF THE VASIABLES 



49 



No. 


J.D. 


Magn. 


Res. 


Res. 


DiS. 


R. 


No. 


J.D. 


Magn. 


Res. 


Res. 


Diff. 


R. 


42 


3377.517 


16.75 


58 


27 


29 


• • 


49 


5161.786 


16.23 


41 


23 


17 








3691.533 


16.00 


72 


52 


20 


D 


50 


3384.514 


16.10 


50 


40 


10 








" .643 


16.00 


47 


63 


16 


D 


ti 


4073.585 


15.28 


166 


147 


20 








3724.507 


15.90 


70 


34 


36 


D 


ii 


4085.487 


15.28 


48 


49 


00 








4073.585 


14.45 


49 


35 


14 


• • 


tl 


4456502 


15.35 


41 


26 


14 








4437.550 


16.50 


48 


05 


44 


2 


51 


3384.514 


16.50 


48 


so 


01 








4840.523 


16.50 


46 


66 


19 


• ■ 


« 


3397-535 


15.20 


54 


62 


08 








4841.472 


14.95 


58 


45 


13 


■ • 


it 


4073.585 


l6.20 


60 


25 


35 








•503 


14.55 


59 


33 


24 


• • 


52 


3397-535 


14.40 


54 


60 


06 






43 


3377.517 


15.10 


55 


43 


08 


D 


« 


4067.520 


14.75 


48 


25 


23 








3384.514 


15.50 


63 


67 


06 


D 


ii 


4071.577 


15-35 


119 


J 10 


07 








3397.535 


14.98 


41 


30 


10 


• • 


ii 


5160.853 


15.60 


46 


80 


32 








4078.492 


14.50 


59 


76 


19 


• • 


ii 


5161.840 


16.00 


43 


41 


00 








4084.540 


14.98 


42 


25 


20 


• • 


53 


3694.655 


14.85 


59 


45 


13 • 








4438.541 


14.60 


45 


03 


48 


2 


it 


4085.487 


15.28 


48 


49 


00 






• - 


5160.741 


16.20 


98 


100 


04 


D 


54 


3691.643 


15-75 


46 


22 


25 








SI6I.7I3 


15.00 


SO 


34 


18 


■ • 


ii 


4067.520 


16.25 


42 


23 


19 








" .722 


14.50 


45 


12 


58 


2 


it 


4071.577 


16.00 


65 


49 


IS 








" .820 


15.10 


53 


05 


56 


2 


55 


3694-533 


14.50 


61 


62 


00 






44 


3399.520 


15.28 


66 


■82 


16 


• • 


ii 


4456.575 


16.25 


45 


22 


24 








3691.643 


15.70 


46 


47 


04 




• 


ii 


4841.603 


15.60 


52 


63 


11 








3724.507 


14.40 


40 


32 


09 




• 


56 


3664.674 


15-15 


55 


68 


13 






. 


5160.779 


16.00 


66 


10 


56 


I 


)2 


ii 


3691.533 


15-75 


53 


49 


05 






45 


3399.520 


15.25 


40 


32 


07 




• 


ii 


4077.581 


16.00 


63 


33 


30 








4071.577 


15.25 


57 


42 


17 




• 


ii 


4079.579 


15-50 


75 


68 


06 








4077.581 


16.00 


50 


50 


00 




• 


ii 


4084.540 


15-30 


68 


82 


14 








4079.579 


16.45 


40 


43 


04 




• 


ii 


4841.472 


15-65 


69 


58 


11 






£ £ 


4841.472 


15.70 


82 


80 


00 




• 


a 


" .603 


16.25 


46 


37 


II 






46 


3389.545 


15.65 


41 


05 


36 




■ 


ii 


5160.843 


15-75 


40 


45 


OS 








4074.589 


15.75 


S7 


55 


31 




• 


57 


3691.533 


16.25 


60 


42 


19 


D 


(• 


4077.581 


16.20 


62 


48 


14 




• 


ii 


3692.540 


16.25 


72 


39 


35 


D 




4079.493 


15.85 


65 


33 


31 




• 


a 


4073.585 


16.45 


47 


33 


15 








5160.853 


15.70 


71 


20 


51 


2 


ii 


4841.503 


16.25 


46 


12 


35 






47 


3664.674 


16.00 


47 


03 


46 


2 


58 


3377.517 


16.00 


54 


30 


24 








4074.589 


14.80 


56 


46 


06 






ii 


3384.514 


15-85 


106 


82 


21 








4456.575 


15.28 


55 


32 


26 






ii 


3664.674 


15.10 


50 


42 


08 






• • 


5I6I.7I3 


16.00 


45 


10 


34 






ii 


3692.540 


14-55 


48 


05 


53 


2 


48 


3377.517 


15.25 


52 


25 


29 






ii 


3724.664 


15.00 


52 


02 


54 


2 




4077.581 


15.28 


46 


05 


52 




2 


'a 


4036.555 


15-28 


70 


35 


36 


• • 




4080.570 


15.35 


55 


65 


09 






ii 


4071.577 


16.25 


80 


10 


71 


2 




4841.571 


15.28 


41 


22 


16 






a 


4437.550 


15.10 


59 


H 


70 


2 


49 


4078.492 


16.25 


41 


07 


35 






ii 


4456.502 


16.10 


52 


22 


30 


• • 




4080.570 


15-30 


53 


28 


24 






ii 


4841.503 


16.00 


46 


36 


10 


■ • 




4085.487 


15.35 


63 


43 


19 






ii 


5160.830 


16.25 


46 


II 


35 


• • 




4841.472 


15.30 


52 


37 


14 






59 


4840.523 


16.00 


84 


38 


46 


D2 



5° 



ANNALS OF HASVASD COLLEGE OBSERVATORY 



No. 


J.D. 


Magn. 


Res. 


Ro. 


Diff. 


R. 


No. 


J.D. 


MagD. 


Ret. 


Re*. 


DiS. 


R. 


60 


d. 
3372.527 


15-70 


46 


03 


42 


2 


68 


d. 
3386.535 


15.20 


54 


80 


24 








4071.577 


15.00 


S3 


70 


18 


• • 




3664.674 


15.65 


75 


54 


21 








4456.575 


16.00 


45 


18 


23 


• • 




3691.533 


16.45 


46 


55 


09 






61 


3389.545 


14.95 


45 


5S 


13 


D 




" .643 


15.35 


64 


82 


19 








3400.521 


15.35 


95 


73 


22 


D 




3692.540 


16.15 


71 


60 


16 








3412.504 


15.00 


ij6 


no 


02 


D 




3693.525 


15.70 


52 


64 


16 


D 




3413.503 


14.50 


69 


96 


29 


■ ■ 




4067.520 


16.00 


71 


15 


56 


2 




3691.643 


14.45 


43 


43 


01 


■ • 




4077.492 


15.3s 


"3 


S5 


27 








3692.651 


14.95 


43 


20 


23 


D 




4437.550 


16.40 


94 


123 


29 








4841.472 


15.75 


56 


34 


21 


• • 




4807.613 


14.55 


67 


55 


09 








5160.741 


15.25 


43 


15 


29 


• • 




4839.480 


16.55 


81 


70 


II 








5161.722 


14.60 


43. 


14 


5S 


D2 




4841.472 


15.30 


46 


28 


14 








" .786 


15.25 


72 


II 


61 


D2 




" .571 


15-50 


40 


45 


04 








" .808 


16.00 


45 


55 


10 


t • 




5160.800 


14.65 


41 


50 


09 








" .820 


16.00 


57 


40 


16 


D 




" .822 


14.95 


43 


44 


03 






62 


3383.513 


16.25 


41 


J2 


09 


• t 




5161.713 


16.10 


48 


108 


56 


2 




3691.643 


15.25 


68 


18 


«7 


D2 




" .722 


16.00 


40 


102 


61 


2 




4437.550 


16.00 


50 


05 


46 


D2 


69 


3693.611 


15.50 


95 


64 


32 


D 




4841.472 


16.10 


64 


35 


30 


• ■ 




" .654 


15.15 


137 


^37 


02 


D 




5160.843 


16.10 


65 


34 


31 


■ • 




4067.520 


16.20 


48 


60 


14 






63 


3372.527 


• • 


45 


• • 


• • 


D 




4073-585 


14.95 


51 


35 


16 








3384.514 


15-85 


50 


05 


41 


2 




4077.492 


16.15 


46 


37 


09 








3692.540 


1510 


72 


80 


08 


■ • 




4437-550 


16.70 


S3 


63 


10 ■ 








3724.507 


15-25 


54 


23 


29 


• • 




4456.57s 


16.50 


54 


42 


10 








4080.486 


U-95 


64 


06 


59 


2 




4841.472 


16.00 


48 


62 


15 








5160.830 


14.40 


42 


46 


06 


• • 




•503 


16.20 


47 


54 


09 






64 


3377.517 


15.00 


42 


03 


44 


2 




5160.843 


15.75 


47 


63 


15 


D 




3397.535 


14.75 


51 


61 


09 


• • 


71 


3691.533 


16.25 


43 


08 


35 


• • 




3664.674 


16.10 


44 


24 


20 


• • 




4067.520 


15.50 


79 


16 


56 


2 




4077.492 


15-85 


42 


20 


21 


• ■ 




4078.492 


15.25 


92 


10 


81 


2 




4841.503 


15-00 


44 


00 


44 


2 




4079-579 


15.3s 


52 


30 


19 


• • 




5161.808 


14.95 


52 


08 


59 


2 




4437.550 


15.00 


45 


00 


44 


2 




" .840 


15-25 


47 


05 


41 


D2 




4839.480 


15.25 


95 


17 


III 


D2 


65 


3397.535 


14.95 


41 


37 


03 


'• • 




4840.523 


1515 


174 


20 


155 


D2 




4084.540 


14.85 


60 


02 


59 


2 




5160.741 


16.60 


52 


42 


10 






66 


3399.520 


15.15 


46 


60 


13 






5161.713 


15.10 


55 


17 


39 








4078.492 


15.00 


89 


"5 


28 






" .744 


14-45 


43 


65 


24 








4841.472 


15.25 


45 


20 


24 






" -756 


14.5s 


45 


68 


24 






6j 


3413.503 


14.50 


46 


02 


48 


2 




" .764 


14.75 


51 


60 


09 








4071.577 


15-70 


82 


97 


15 






" .777 


15.00 


72 


52 


21 








4078.492 


15.30 


75 


78 


02 




72 


3377-517 


16.60 


49 


30 


19 








4079.579 


15.30 


41 


42 


02 






3378.520 


15.30 


72 


60 


14 








4839.480 


15-25 


54 


5* 


03 






3399.520 


15.00 


67 


57 


08 






68 


3377.517 


16.70 


50 


53 


04 






4078.579 


14.50 


76 


JOO 


24 






(< 


3383.513 


15-75 


100 


85 


15 






4079,493 


14.65 


61 


65 


04 







OBSERVAnONS OF THE VASIABLES 



SI 



No. 


J.D. 


Hacn. 


Km. 


Ret. 


Die. 


K. 


No. 


J.D. 


M«go. 


Km. 


Ret. 


DUI. 


%. 


73 


4080.486 


15-10 


45 


38 


08 






79 


4036.555 


15.00 


61 


68 


08 






4841.603 


14.50 


52 


36 


14 








4078.492 


15.75 


54 


59 


05 






5161.764 


15.25 


44 


25 


19 








" .579 


15.70 


43 


70 


36 




74 


3389.545 


14.95 


4^ 


30 


II 








4079.493 


14.55 


43 


57 


14 






3390.524 


14.75 


42 


44 


01 








4140.478 


15.70 


57 


74 


16 






3664.674 


15-35 


40 


15 


37 








4839.480 


16.80 


55 


30 


24 






5160.779 


15.25 


36 


17 


19 








5160.741 


15.30 


85 


no 


24 






" .800 


15.70 


49 


32 


15 








" .788 


16.00 


46 


53 


06 






5161.799 


15.70 


52 


16 


36 






80 


3694.655 


15.70 


56 


40 


16 




76 


4067.520 


1535 


67 


60 


09 






It 


4840.533 


15.10 


44 


08 


34 






4071.577 


15-85 


44 


43 


00 






81 


4067.530 


16.50 


90 


40 


48 


3 




4073.585 


16.00 


43 


55 


15 






83 


4077.581 


16.50 


68 


84 


14 






4079.493 


14.90 


50 


20 


30 






(( 


5161.733 


16.10 


56 


36 


26 






" .579 


15-35 


57 


43 


14 






83 


3664.674 


15.30 


85 


70 


14 






5160.853 


14.85 


60 


25 


35 






84 


4067.530 


15.50 


42 


43 


01 






5161.713 


16.75 


41 


01 


39 








4071.577 


15.05 


130 


138 


13 




77 


3377.517 


14.85 


64 


03 


59 




i 




4077.493 


16.35 


44 


35 


09 






3400.531 


14.60 


52 


61 


09 








4839.480 


15.70 


52 


50 


10 






3693.651 


14-55 


60 


51 


09 








4841.473 


15.85 


64 


2g 


36 






3693.611 


15.30 


51 


37 


13 






86 


3386.535 


15.70 


no 


70 


38 






3694.533 


15.00 


64 


72 


08 








4077.581 


15.50 


41 


13 


30 






4067.530 


16.25 


63 


45 


16 








4437.550 


15.15 


45 


43 


03 






4077.581 


15-65 


52 


50 


03 








4456.502 


15.75 


43 


63 


31 






4078.492 


15.25 


79 


23 


55 


3 




4841.472 


15.75 


97 


71 


36 






4079.493 


16.25 


50 


04 


45 


3 




5161.808 
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CHAPTER III 



THE ELEMENTS OF THE VARIABLES 



The periods of many of the variables in Messier 3 appear to be uniform, the 
returns of maximum occurring with perfect regularity so far as is shown by the 
observations already obtained, which cover several thousand periods. The Julian 
Date of any retiun of maximum can therefore be obtained by the use of the simple 
formula, J. D. = A-hpE, where J. D. is the date of any desired return of maximimi, 
A, the principal epoch of maximum, p, the period, and E, the niunber of periods 
since A. In some cases, however, there is evidence of periodic oscillations in the 
times of maximmn, which indicate periodic changes in the length of the period. 
This manifests itself by alternately accelerated and retarded returns of maximum at 
relatively long but regular intervals. This systematic deviation from a simple period 
can in some cases be represented by a sine term in the formula of the star's 
changes. 

Variable 94 is a good example of those stars which appear to be thus affected 
by a secular variation in the length of the period. This star is well situated 
for measurement. It is reasonably near the comparison stars and is so distant 
from the centre of the cluster that its light is not confused with that of other 
stars. The range of variation in brightness is large. The observations, also, are 
fairly well distributed in time, so that the determination of the correct period, if 
it were uniform, ought to present few difficulties. No imiform period has been 
foimd, however, which satisfies all the observations, and an examination of the 
measmres appears to show a systematic oscillation in the times of returning maxi- 
miun, such as would be caused by a periodic change in the length of the period. 
Somewhat similar discordances have been noted in a few cases, which were due to 
small errors in the periods, but in the present case no better period has been found, 
though sought for with special care. Large differences in the duration of the expos- 
ures accoimt for certain large residuals from the smooth curve drawn through all 
the measurements, but the excessively large residuals in the present case cannot be 
accoimted for in this way. The results obtained by the use of the best imiform 
period which was foimd, using the formula, J. D. 2415021.118+ 0^.52370 E, are shown 
graphically in Plate III, Fig. i. As will be seen readily by this diagram, the 
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amount of the discordance^ which will be caused by a given oscillation in the period, 
depends much on the phase at which the observation occurs. Observations at 
minimum would not in general be rendered discordant by a considerable change in 
phase, while those which occiu: when the light is rapidly changing will be made 
extremely discordant by even a small change. This is obvious from the form of 
the light curve which is extremely inclined just before maximiun and nearly flat 
at minimum. The observations best suited to the determination of systematic 
differences between the computed and the observed returns of maximum are evi- 
dently those which occur at phases where the light changes most rapidly. The 
observations of this star are 57 in number. Of these, 18 show the star at magni- 
tudes between 14.90 and 16.40, where the changes in brightness are most rapid. 
Table XII contains, for these 18 observations, in the first colimain the Julian Date, 
in the second coliunn the corresponding magnitude of the variable, and in the 
third colimm, the phase computed from the period 0*^.52370. The fourth coliunn 
contains the corrections in time, expressed in thousandths of a day, which must be 
applied to the phases to make the observations coincide with the smooth cmrve 
drawn through all the observations, shown in Plate III, Fig. i. These corrections 
were then plotted as ordinates, with Julian Dates as abscissas. In drawing a cmrve 
through points thus plotted special weight was given to the corrections indicated 
by those observations just preceding maximum, where the change of light is most 
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rapid, since these corrections must be precisely satisfied by the curve. These 
values have therefore been indicated by crosses in the graphical representation of 
these results, Plate II, Fig. i, while ordinary corrections have been indicated by dark 
circles. The two observations at J. D. 2413664.674 and J. D. 2414456.502, although 
they represent the star at minimum brightness, are also important. They involve 
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large residuals and should have corrections of at least —.018 and —.013, respec- 
tively. With larger corrections the observations would be almost as accordant. 
These corrections have been indicated in the figure by arrows. It appears that a 
sine curve satisfies these observations better than any other. For this star, it is 
well expressed in the form o''.03 sin (0^1924 E+ 272^3), and the complete formula 
for the variable, for the retiuns of maximum, becomes J.D. 2415021.118 +o''.S237oE 
+ o''.o3 sin (0^1924 E+ 272^3). For dates preceding J. D. 2415021, E must be 
r^arded as negative. The results obtained by the use of this formula are shown 
graphically in Plate III, Fig. 2. 

TABLE Xm 



VARIABLE 94. PERIODIC VARIATION 
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ANNALS OF HARVARD COLLEGE OBSERVATORY 



In Table XIII are shown the results obtained by the use of the two periods. 
The first coliunn gives the Julian Date of the observation, and the second column, 
the corresponding magnitude of the variable. The third coliunn gives the phase 
derived from the use of the simple period C. 523 70, and the fourth column, the 
phase when the sine term explained above is added. The fifth and sixth colimms 
give the corresponding residuals. The first, second, third, and fifth colunms are 
taken from Tables IX and X. The mean residual, in the case of the simple period, 
from the smooth curve is =*= 0.218, and of the corrected period, =*= 0.096 magn. The 
largest residual in the former case is 1.40, and in the latter case, 0.29 magn. 

Variable No. 79 presents peculiarities which appear in no other star in the 
cluster, so far as known, though others may exist. The imiform period which best 
satisfies the observations appears to be 0*^.48388, which involves large discordances. 
The period o''.48285, however, serves well for all the observations between 
J. D. 2413372 and J. D. 2414100. The observations between these dates were plotted 
from the formula J. D. 2415021.049 + 0*^.48285 E and a smooth curve was drawn 
through them. The additional observations were then plotted in the same diagram. 
There were 56 observations of this star, 16 of which were of magnitude 16.00, or 
brighter, and fairly suitable for the determination of corrections to the phases, which 
were read from the smooth cturve as in the case of Variable 94, given above. 
The results are given in Table XTV, which is of the same form as Table XII. 

TABLE XIV 

VARIABLE 79. CORRECTIONS TO PHASE. PERIOD 0^.48285 
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The values of the corrections thus obtained, and given in the fourth column of 
Table XTV, were then plotted and a smooth curve drawn through them. This 
ciurve is shown graphically in Plate II, Fig. 2. The heavy horizontal and inclined 
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straight lines shown in the figure appear to satisfy the observations most naturally 
and precisely. This implies a period of o''.48285 for the early, and of o''.48329 
for the late, observations, and a somewhat sudden change from the former to the 
latter period at about J. D. 2414118. It should be noted, however, that corrections 
di£Fering from those in Table XIV can also be assmned, since the addition or sub- 
traction of the star's full period to the values there given always furnishes a 
correction which will answer equally well for the observation immediately concerned. 
It is therefore possible that some other curve would better represent the changes 
which are actually taking place; but, whateyer the nature of the underlying physical 
causes may be, the assumption of the change in period from o''.4828s to o''.48329 
at J. D. 2414118 satisfies all the observations within the probable errors of measure- 
ment. Plate III, Fig. 3, gives a graphical represeutation of the results obtained 
by the use of the imiform period, 0*^.48388, and Plate III, Fig. 4, the results 
obtained by the use of the corrected periods given above. The mean residual 
from the smooth curve in the first case is 0.27, and in the second case, 0.12. The 
maTrimum residual in the first case is —1.42, and in the second case, —0.58. 

The elements of the variables, determined for the most part from the values 
in Tables IX and X, are contained in Table XV. The first coliunn gives the 
nimiber of the variable. The second and third colunms give the rectangular 
coordinates from the centre of the cluster, expressed in seconds of arc, and the 
fomth coliunn, the approximate distance of the variable from the centre, expressed 
in minutes, and tenths, of arc. The quantities in the second and third colimms are 
taken from H.A. 38, page 238, and are repeated here for the convenience of the 
reader. The fifth, sixth, and seventh colunms give the magnitude at maximum, the 
magnitude at minimum, and the range of variation. These values are derived in 
each case from smooth curves drawn through all the observations, and are mean 
results based on the assumption that the range of variation is imiform. The 
maximum brightness of many of the variables is doubtless somewhat greater than 
is indicated in Table XV, since the duration of the maximum phase, if indeed there 
is any duration of the maximum brightness, is often less than the time of the 
photographic exposure, especially on the X plates. It is evident in such cases 
that the measured photographic magnitude cannot equal the true brightness at the 
instant of maYiirmm. This difference between the measured and the true magnitude 
will become greater as the ratio of the time of exposure to the period of the star 
increases. The eighth, ninth, tenth, and eleventh columns give the approximate 
duration of maximum, minimum, increase, and decrease, expressed in percentages. 
Two dots in these colunms indicate that the phase in question has no duration 
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or that no period was found for the star. It is often difficult to determine whether 
the light is constant for a considerable time at minimum, or whether it slowly 
decreases until increase begins. Too great precision must not be looked for in these 
values. The twelfth and thirteenth columns give the maximum rates of increase 
and decrease in the light, expressed in magnitudes per hour. These values were 
read from tangents to the smooth curves drawn through the observations. 
These quantities are expressed only to tenths of a magnitude, except in those cases 
in which the time of the increase was covered by one or both series of K plates, 
on J. D. 2415160 and 2415161. In such cases a much more accturate determination of 
the rate of increase is possible than when these observations occiu: at other phases. 
Plots were then made on a larger scale and the values derived are given in the 
table expressed to himdredths of a magnitude. The rate of increase in many cases 
is thus found to be very great, amoimting to six magnitudes per hour in a few 
stars. The fourteenth coliunn contains the principal epoch, which is, in all cases, the 
Julian Date of the first computed maximum after Greenwich Mean Noon, January 
I, 1900. The fifteenth coliunn contains the period, expressed in the decimal part 
of a day, and the sixteenth coliunn, the same period, expressed in hours, minutes, 
and seconds. When a study of the observations appears to indicate the need of a 
correction to the simple period given in the fifteenth column, the letter r is added 
and additional information will be found in the remarks following the table. No 
variable yet found in Messier 3 has a period iis long as one day. All the variables 
appear to belong to Class IV, Subclass a, or '' Cluster Variables," according to the 
classification given in H.A. 38, page 132. The number of periods, or returns of 
maximum of the variable between the dates of the first and last plates included in 
this discussion is given in the seventeenth column. The first plate was made on 
J. D. 2413372, and the last, on J. D. 2415161. The last column contains the 
average deviation of the observations from the smooth curve drawn through them, 
using the simple period in aU cases. 
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ELEMENTS OF THE VARIABLES 
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+112.4 


4.9 


14.70 


16.83 


2.13 






44 


12 


44 


2.3 


0.6 


5021.420 


0.55240 


13 


IS 27.4 


3239 


16 


41 


- 93.3 


+ 54.0 


1.8 


15.00 


16.7s 


1.75 






54 


17 


29 


ft ft 


ft ft 


5021.264 


0.48568 


II 


39 22.8 


3684 


24 


42 


- 78.6 


+ 41.0 


«-5 


14.20 


16.73 


2.53 






29 


12 


59 


3.0 


0.4 


5021.515 


0.59022 


14 


9 SS-o 


3032 


17 


43 


+ 99.9 


+ 24.7 


1-7 


14.^0 


16.64 


2.04 






28 


17 


55 


1.6 


0.5 


5021. 191 


0.54051 


12 


58 20.1 


33" 


33 


44 


+170.0 


+ 99.4 


3-3 


14.70 


16.68 


1.98 






34 


23 


43 


1.3 


0.6 


5021.368 


0.50640 


12 


9 13.0 


3534 


14 


45 


— 241.2 


-129.9 


4.6 


14.80 


16.90 


2.10 






37 


II 


52 


2.8 


0.5 


5021.342 


0.53687 


12 


S3 5.6 


3333 


17 
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Duration 














VT. 




No. 


X 


Y 


Dirt. 






Incr. 


Deer. 


Enoch 


Period 




Period 


No. 


A.D 


A^V* 


mm 


A 


^■^■^^•4 


Max. 


Min. 


Range 


Max. 


Mm. 


Incr. 


Deer. 


AMMiSm^ • 


A^%A#a# 


*^a^^^V mm 


^ \0^ m\^\A 






Petiodi 


rnmm^^t 




m 


m 


* 




















<i. 


d. 


k. 


m. s. 






46 


— I28.I 


- i^'^ 


2-3^ 


15.40 


16.70 


1.30 






SI 


13 


36 


* • 


0.3 


5021.264 


0.61230 


14 


41 42.7 


2922 


15 


47 


-II7-S 


- 73.2 


2.3 


14.80 


16.93 


2.13 






20 


30 


5° 


0.8 


0.4 


5021.459 


0.54103 


12 


59 5-0 


3307 


IS 


48 


+126.9 


— 102.7 


2.7 


15.00 


16.63 


1.63 






35 


22 


43 


0.6 


0.3 


5021.103 


0.62780 


15 


4 1.9 


2860 


16 


49 


+140.0 


— 100.7 


2.9 


14.76 


16.76 


2.00 






46 


14 


40 


1-7 


0.6 


5021.256 


0.54821 


13 


9 25.3 


3264 


17 


so 


+ 8.8 


- 234.0 


3-9 


14.70 


16.76 


2.06 






49 


10 


41 


3-3 


0.8 


5021.345 


O.513IOR 


12 


18 51.8 


3487 


14 


SI 


+ 30.8 


— 226.4 


3-8 


15.00 


16.70 


1.70 






41 


21 


38 


• • 


0.4 


5021.486 


0.58399 


14 


56.7 


3064 


16 


S2 


- 76.8 


+ 152.0 


2.9 


14.50 


16.48 


1.98 






50 


12 


38 


1-7 


0.6 


5021.486 


0.51622 


12 


23 21.4 


3456 


16 


S3 


- 7-4 


+ 122.8 


2.0 


14-34 


16.60 


2.26 






43 


8 


49 


4.94 


0.7 


5021.006 


0.50489 


12 


7 2.5 


3545 


12 


S4 


- 32.6 


+ 106.4 


1.9 


14.40 


16.50 


2.10 






5° 


10 


40 


3-6 


0.6 


5021.178 


0.50156 


12 


2 14.8 


3568 


12 


SS 


— 204.2 


+324.4 


6.4 


14.50 


16.77 


2.27 






19 


10 


71 


3-2 


0.3 


5021.392 


0.53057 


12 


44 1-2 


3372 


12 


56 


— 141. 1 


+358-6 


6.5 


14.90 


16.38 


1.48 






22 


22 


56 


• • 


• • 


5021.048 


0.49545 


II 


53 26.9 


3612 


23 


57 


+ISS-2 


— 0.2 


2.6 


14.64 


16.74 


2.10 






SI 


10 


39 


3-4 


o-S 


5021.399 


0.51297 


12 


18 40.6 


3488 


16 


S8 


- 86.2 


+ 46.2 


1.6 


14.60 


16.37 


1.77 






35 


23 


42 


• • 


• • 


5021.002 


O.51671 


12 


24 3-7 


3463 


21 


59 


— 109.8 


— 228.4 


4.2 


14.85 


16.77 


1.92 






44 


12 


44 


2.1 


0.4 


5021.332 


0.58881 


14 


7 53-2 


3039 


II 


60 


-297.4 


-315-4 


7.2 


15.00 


16.76 


1.76 






34 


15 


SI 


1-3 


0.3 


5021.389 


0.7^772 


16 


59 7-0 


2528 


13 


61 


+190.2 


+363-0 


6.8 


14.74 


16.66 


1.92 






42 


16 


42 


• • 


• • 


5021.064 


0.52095 


12 


30 lO.I 


3435 


24 


62 


+ 90.2 


+417.0 


7.2 


15-25 


16.59 


1.34 






46 


23 


31 


• ■ 


• • 


5021.331 


0.65241 


15 39 28.2 


2743 


14 


63 


+ 37-2 


+341.9 


5-7 


14.80 


16.62 


1.82 






SI 


10 


39 


2.94 


0.5 


5021.094 


0.57042 


13 


41 24.3 


3137 


16 


64 


+114.8 


+330.4 


5-8 


15-00 


16.63 


1.63 






36 


18 


46 


1.06 


0.4 


5021.324 


0.60546 


14 31 51-7 


2956 


13 


6S 


+125.4 


+327-5 


5-9 


14.50 


16.60 


2.10 






36 


10 


54 


3.38 


0.4 


5021.503 


0.66834 


16 


2 24.6 


2677 


II 


66 


— 101.4 


+ I2I.4 


2.6 


15.00 


16.46 


1.46 






48 


16 


36 


• • 


• « 


5021.333 


0.62024 


14 53 8.7 


2886 


15 


67 


-131-4 


+ 123.0' 


3-0 


14-50 


16.70 


2.20 






48 


12 


40 


3.72 


0.8 


502I.4II 


0.56837 


13 


38 27.2 


3148 


16 


68 


+ 21.9 


+ 174-8 


2.9 


14.88 


16.22 


1.34 






42 


25 


33 


• • 


• • 


5021.030 


0.51920 


12 


27 38.9 


3446 


32 


69 


+ 80.6 


+ I4I.O 


2.7 


15.00 


16.67 


1.67 






42 


19 


39 


1.2 


o-S 


5021.553 


0.56660 


13 35 54-2 


3158 


19 


70 


+ 37-6 


+ 152.2 


2.6 


• • 


• • 


• • 






• • 


« • 


• • 


• • 


• • 


a • • a 


• « • • 


• • 


• • • • 


• • 


• * 


71 


+160.6 


— 2.0 


2.7 


14.90 


16.67 


1.77 






40 


20 


40 


1.4 


0.5 


5021.168 


0.54904 


13 


10 37-1 


3259 


20 


72 


+445.5 


— 2.2 


7-4 


14.40 


16.90 


2.50 






39 


II 


50 


6.38 


0.9 


5021.327 


0.456075 


10 


56 44-9 


3924 


19 


73 


+438.S 


+ 62.2 


7-4 


• • 


. . 


t • 






• • 


• • 


• • 


• • 


■ • 


• a • ■ 


• • • • 


• • 


• • • • 


* • 


• • 


74 


+ 88.2 


+ I5I.O 


2.9 


14.75 


16.80 


2.05 






45 


10 


45 


S-o 


0.6 


5021.452 


0.49215 


II 


48 41.8 


3636 


20 


75 


+ 49.0 


+ 159-5 


2.8 


• • 


• • 


• k 






• • 


• * 


. . 


• • 


• • 


. • . . 


• * • • 


• • 


. . ■ . 


• • 


• • 


76 


- 14.4 


- 88.2 


i-S 


14.24 


16.77 


2.53 






32 


8 


60 


3-78 


0.6 


5021.293 


0.50175 


12 


2 31.2 


3567 


18 


77 


- 94.4 


+ 27.8 


1-7 


14.60 


16.90 


2.30 






33 


17 


SO 


1.9 


0.7 


5021.451 


0.45934 


II 


I .27.0 


3895 


20 


78 


+ 47.S 


+ 66.4 


1.4 


14.43 


16.52 


2.09 






49 


18 


33 


1.6 


0.6 


5021.248 


O.61192 


14 


41 9-9 


2924 


23 


79 


+ 43.4 


+349.4 


5.8 


14.90 


16.68 


1.78 






25 


13 


62 


1.8 


0.4 


5021.149 


0.48388 


II 


36 47-2 


3698 


27 


80 


+416.8 


+284.6 


8.3 


14.74 


16.70 


1.96 






37 


15 


48 


4.0 


0.4 


5021.242 


0.53934 


12 


56 39-0 


3317 


15 


81 


+342.8 


+351-1 


8.2 


14.77 


16.77 


2.00 






42 


13 


45 


2.8 


0.5 


5021.325 


0.52910 


12 


41 54.2 


3382 


10 


83 


— 102.6 


-601.8 


10. 1 


14.86 


16.88 


2.02 






38 


22 


40 


2-3 


0.9 


5021.331 


0.52526 


12 


36 22.4 


3407 


13 


83 


—441.6 


+113-4 


7.6 


U-53 


16.82 


2.25 




• 


32 


12 


56 


6.40 


O.S 


5021.045 


0.501 245 


12 


I 47.6 


3569 


12 


84 


+ 64.0 


+165.2 


3-0 


14.83 


16.60 


1.77 






40 


13 


47 


1-45 


0.7 


5021.248 


0.59573 


14 


17 51.1 


3004 


17 


8S 


+306.2 


+225.8 


6.4 


• • 


■ • 


• • 




* 


• • 


• • 


• • 


• • 


* • 


.... 


• • • • 


« • 


• • • • 


• • 


• • 


86 


+513.0 


— 114.2 


8.8 


15.04 


16.58 


1-54 






37 


12 


51 


1.72 


0.6 


5021.016 


0.41420 


9 


56 26.9 


4320 


19 


87 


+110.6 


+ 60.2 


2.1 


• • 


■ • 


• • 






• • 


• • 


• • 


• • 


• • 


• • • • 


• • ■ • 


* • 


• • • • 


• • 


• « 


88 


- 35.0 


— 70.2 


1-3 


14.67 


16.07 


1.40 






58 


II 


31 


2.63 


0.4 


5021.188 


0.65418 


15 42 1.2 


2736 


25 


89 


+ 28.0 


— 1 10.8 


1.9 


14.47 


16.65 


2.18 






33 


13 


54 


3-09 


0.5 


5021.507 


0.54848 


13 


9 48.7 


3263 


16 


90 


+ 97.2 


-188.2 


3-5 


14.63 


16.67 


2.04 






42 


13 


45 


2.4 


0.6 


5021.461 


0.51703 


12 


24 31-4 


3461 


09 


91 


- 14.3 


-SSo.o 


9.2 


14.75 


16.74 


1.99 






38 


IS 


47 


2.07 


0.8 


5021.270 


0.53018 


12 


43 28.4 


3375 


23 


92 


— 29.0 


—408.4 


6.8 


14.77 


16.86 


2.09 






48 


12 


40 


2.3 


0.8 


5021.073 


0.50355 


12 


5 6.7 


3553 


16 


93 


-319-4 


—396.6 


8.5 


15-03 


16.70 


1.67 






52 


21 


27 


1.9 


0.8 


5021.232 


0.60232 


14 


27 20.4 


2971 


II 


94 


-488.4 


— 224.6 


8.9 


14.65 


16.89 


2.24 






41 


13 


46 


2.3 


0.7 


5021. 118 


O.52370R 


12 


34 7-7 


3416 


22 


95 


-IS4-7 


+ 15-4 


2.6 


• • 


• • 


• • 






• • 


• • 


• • 


. . 


• • 


.... 


• • • • 


. . 


• • • • 


* « 


• ■ 



THE ELEMENTS OF THE VARIABLES 
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Magnitude 


Duration 














%.T 




No- 


X 


F 


DlBt. 






Incr 


T%PCT 


Epoch 


Period 




Period 


No. 


A.D 










Max. 


Min. 


Range 


Max. 


Min. 


Incr. 


Deer. 












Periods 






a 


» 


t 




















i. 


d. 


%, 


M. t. 






96 


— 164.2 


- 234.0 


4.7 


14.3s 


16.72 


2.37 




40 


10 


50 


5.42 


0-5 


5021.019 


0.49947 


II 


59 14.2 


3583 


13 


97 


- 130.0 


-196.7 


4.0 


15.35 


16.40 


1.05 




32 


18 


so 


0.4 


0.2 


5021.126 


0.50428 


12 


6 9.8 


3549 


13 


98 


+ 132.4 


- 3.2 


2.2 


• • 


• • 


• • 




• • 


■ ■ 


• • 


• • 


* • 


.... 


• • • • 


• • 


ft • • • 


ft ft 


. . 


99 


+ 201.8 


- S5.0 


3-5 


• • 


• • 


• • 




■ * 


• • 


• • 


• • 


• • 


.... 


• ■ • • 


• • 


■ ft ft ft 


• ft 


. . 


100 


+ 69.9 


+ 97.3 


2.0 


15-53 


16.70 


1.17 




38 


24 


38 


0.4 


0.2 


5021.533 


0.55819 


13 


23 47.6 


3206 


22 


lOI 


+ 46.4 


+ 83.7 


1.6 


15.20 


16.47 


1.27 




44 


22 


34 


1.0 


0.3 


5021. lOI 


0.64387 


15 


27 10.4 


2779 


15 


102 


+ 58.4 


+114.9 


2.2 


• ■ 


• • 


• • 




• • 


• • 


• • 


• • 


• ■ 


• • • • 


• • • • 


ft • 


ft ft ft ft 


ft ft 


ft • 


103 


+ 58.1 


+120.4 


2.2 


• • 


■ • 


* * 




* • 


• • 


■ • 


. • 


• a 


• • • « 


• • • • 


• • 


ft ft ft • 


ft ft 


ft ft 


104 


- 25.8 


+145.S 


2.4 


14.60 


16.70 


2.10 




42 


14 


44 


3-2 


o-S 


5021.076 


0.57084 


13 


42 0.6 


3134 


12 


los 


— 20.9 


+191.6 


3-2 


• • 


• • 


• • 




• « 


• • 


• • 


■ • 


• • 


• • • • 


■ • • • 


• • 


ft ft ft ft 


ft • 


ft ft 


106 


— 48.0 


+ i68.o 


2.9 


14-35 


16.70 


2-35 




47 


13 


40 


1.82 


o-S 


502I.3II 


O.54718R 


13 


7 56.4 


3270 


15 


107 


- 75.8 


+335.0 


5-7 


14-95 


16.38 


1-43 




42 


16 


42 


2.3 


0-3 


5021.291 


0.44725 


10 


44 2.4 


4001 


22 


108 


— 219.0 


+310.9 


6.3 


14-75 


16-73 


1.98 




5° 


8 


42 


6.48 


0.6 


5021.083 


O.519607R 


12 


28 14.0 


3443 


16 


109 


- 89.3 


+ 2.7 


i-S 


14.83 


16.77 


1-94 




36 


15 


49 


2.0 • 


0.4 


5021.033 


0.53392 


12 


48 50.7 


3351 


19 


no 


- 99.4 


- 15.8 


1-7 


14.70 


16.45 


1.75 




52 


II 


37 


2.91 


o-S 


5021.397 


0.53612 


12 


52 0.8 


3338 


23 


III 


- 92.7 


+ 21.9 


1.6 


14.83 


16.43 


1.60 




47 


14 


39 


0.89 


0.4 


5021.401 


0.51265 


12 


18 13.0 


3491 


33 


112 


— 144.6 


-719.4 


12.2 


• • 


• • 


• • 


. . 


• • 


■ • 


• • 


• • 


• • 


a • • • 


• ■ • • 


• • 


ft ft ft ■ 


ft ft 


ft ft 


"3 


+ 199.8 


-689.8 


12.0 


14.50 


16.87 


2.37 




58 


II 


31 


3-92 


0-7 


5021.446 


O.5179I 


12 


25 47.4 


3455 


24 


114 


+ 11.8 


+622.0 


10.4 


15.00 


16.70 


1.70 




45 


13 


42 


1.8 


o-S 


5021.499 


0.59772 


14 


20 43.0 


2993 


II 


"S 


+44S-0 


+664.7 


13-4 


14.52 


16.77 


2.25 




49 


12 


39 


3-3 


0.8 


5021.097 


0.51409 


12 


20 17.4 


3480 


19 


116 


— 491.8 


+465.2 


"•3 


14.45 


16.70 


2.25 




25 


16 


59 


1.9 


0.6 


5021.442 


0.51479 


12 


21 17.9 


3476 


II 


117 


+ 89.6 


— 467.6 


7-9 


15.23 


16.78 


1.55 




40 


15 


45 


• ■ 


• • 


5021.579 


0.60052 


14 


24 44.9 


2980 


19 


118 


+144.4 


— 292.2 


l-% 


14.70 


16.87 


2.17 




42 


12 


46 


3-5 


0.4 


5021.272 


0.49937 


II 


59 5.6 


3583 


15 


119 


+253-4 


+106.2 


4.6 


14.20 


16.70 


2.50 




40 


10 


50 


2.91 


0.8 


5021.466 


0.51776 


12 


25 34.5 


3456 


13 


120 


-295.8 


+231.4 


6.3 


• • 


• ■ 


• • 




• • 


* ■ 


■ • 


■ • 


• « 


■ • • • 


• • • • 


• • 


ft ■ ft ft 


ft • 


. . 


121 


- 43.6 


+ 56.1 


I.I 


14.85 


16.58 


1-73 




41 


18 


41 


• • 


• • 


5021.056 


0.49304 


II 


49 58-7 


3629 


28 


122 


- 33-S 


- 46.4 


I.O 




• • 


. . 




• • 


• • 


• • 


• • 


• • 


• • • ■ 


• • ■ • 


* • 


ft • ft ft 


. . 


. . 


123 


-259. 


-985. 


17.0 


14.90 


16.90 


2.00 




iz 


14 


33 


2.8 


0.7 


5021.395 


0.54545 


13 


5 26.9 


2693 


17 


124 


— 66.4 


— 201.4 


3.6 


• • 


• • 


• • 




• ■ 


• • 


• • 


• • 


• t 


• • • • 


• • • • 


• • 


ft ft ft ft 


ft ft 


• ft 


125 


+ 186.3 


-132.8 


3.8 


I5-30 


16.50 


1.20 




41 


26 


33 


• • 


• • 


5021.039 


0.53881 


12 


55 53-2 


3321 


15 


126 


- iS-4 


— 146.4 


2.4 


iS-30 


16.25 


0-95 




48 


22 


30 


■ • 


■ • 


5021.389 


0-53550 


12 


51 7-2 


3342 


18 


127 


+ 95.6 


- 63.6 


1.9 


■ • 


• • 


• • 




• • 


• • 


• • 


■ • 


• • 


• • • • 


■ • • • 


• ■ 


ft ft ft ft 


ft ft 


• ft 


128 


+114.6 


+ 131.4 


2.9 


15.00 


16.50 


1.50 




46 


21 


33 


1. 12 


0.5 


5021.244 


0.60597 


14 32 35.8 


2953 


30 


129 


- 43.6 


+ 77.2 


1.5 


• • 


• « 


• • 




• • 


• • 


• • 


• • 


• • 


• • • * 


• ■ • • 


• • 


ft ft ft ft 


ft ft 


• ft 


130 


+ 4.2 


+ 84.6 


1.4 


■ • 


• • 


• • 




• • 


• • 


• • 


■ ■ 
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REMARKS 



1. The period given in the table seems to be satisfactory. 
The period, 0^.52x40, involving five less returns of maxi- 
mum between the extreme dates, J.D. 3372 and J.D. 5161, 
also serves fairly well. 

2. This star b near the centre of the duster and is a difficult 



object. Its variations in brightness appear to be very 
smaU. No attempt has been made to find a period. 
3. The period given in the table satisfies fairiy well all the 
observations, except that of J.D. 4437*55o, which is 
very discordant, involving a residual from the smooth 
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curve of +2jo& magnitudes. A reexamination of the 
photograph made on that date confirms the original 
determination oif magnitude. By the use of the formula, 
J.D. 5021.228+0^.55906 E+o*.04 sin (o**.i34 E+209**.i), 
the large residual at J.D. 4437.550 is made to disappear, 
and the results fnnn the other observations remain 
about as accordant as before. This formula, however, 
has not been used in Tables DC and X, and the single 
large residual at JJ). 4437.550 may be due to some 
other cause. This variable has a companion, position 
295^, distance 4', magnitude 14.5. 

4. This star is near the centre of the cluster and its image 
b dose to those of other stars. It is rather bright and 
appears to vary through a smaU range. It is a difficult 
object, and no attempt has been made to find a period. 

5. The elements of this star appear to be fatriy satisfactory. 

6. The elements of this star appear to be fairiy satisfactory. 

7. This star has a companion, position 230^, distance 3', 
magnitude 15.0. The images of these two components 
are sometimes confused, so that precise determinations 
of magnitude are difficult This may accoimt for a 
number of large residuals. 

8. A difficult object. The variable has a dose com- 
panion a{^roximatdy at position 100^, distance 2', mag- 
nitude 15.0. The images of the two stars coalesce on 
the plates. The measurements do not make the 
variability sure, and no attempt has been made to 
determine a period. 

9. The dements of this star appear to be fairiy satisfactory. 

10. The dements of this star appear to be fairiy satisfactory. 

11. The dements of this star appear to be about right. 
The period 0^.50862, involving five less returns of maxi- 
mum between the extreme dates, serves neariy as well. 
It is probable that a sine term in the formula would 
improve the accordance of the results. 

12. Tliis star is undoubtedly variable, but the range is 
not large and the determination of the period is difficult. 
The period appears to be about 0^47, but no period 
has been found which satisfies all the observations. 

13. The dements given in the table appear to be satisfactory. 
The extremdy rapid increase of brightness is well shown 
on the plates of J.D. 4841 and J.D. 5161. 

14. The dements of this star i4>pear to be satisfactory. 
The period 0^.63591, involving five less returns of maxi- 
mum between the extreme dates, answers neariy as wdl. 

15. The period given in the table satisfies the observations 
fairly wdl. The rapidity of the increase in brightness 
is wdl shown on the plates of J.D. 5 161. 

16. The elements of this star appear to be satisfactory. 
The duration of the minimum phase seems to be excep- 
tionally short. 

17. The period given in the table ai^)ears to be about 
right, although a few of the residuab are large, espedally 
that at J.D. 4077.492. 

18. The dements of this star appear to be satisfactory. 

19. This star is somewhat distant from the comparison 
stars. The period given in the table, which is the shortest 
found in the duster, appears to be about right, although 
there are several large residuab from the smooth curve. 



20. Thb variable b rather dbtant from, the conqMiison 
stars. The period given in the table appears to be about 
right The increase in brightness b very rapid, as b 
well shown by the plates made on J.D. 5 161. The 
large residuab near maximum may be due in part to the 
wide range in the duration of the exposures. There 
are indications, however, of systematic changes in the 
period at different epochs, and greater accordance b 
obtamed by the use of the formula, J.D. 5021.314 
-|-o*.49i29 E-ho*'.03 sin (o**.o74 £4-339^.0). 

2 1 . The elements of thb star appear to be satbfactory. 

22. The dements of this star appear to be satisfactory. 
Thb b one of the best examples of extremdy rapid in- 
crease, and rapid decrease in light. See plates of J.D. 5160 
and J.D 5 161. 

23. This star b wdl situated for measurement, but it b an 
extremdy dose double, with components about equal 
in brightness. The period given in the table may be 
about right, but the light of both components was mea- 
sured, since the images coalesce even on the best plates. 
It is possible that both components are variable, which 
might account for the large residuab from the smooth 
curve. 

24. The dements of thb star appear to be fairly satisfactory. 
The period, 0^.66458, b one of the longest in the duster. 
The form of the light curve, however, presents no pecu- 
liarity. 

25. The dements of thb star appear to be satisfactory. 

26. The dements of thb star appear to be satisfactory. 
The period b somewhat longer, and the increase in bright- 
ness somewhat less rapid, than is usual in the stars of 
thb duster. 

27. The period given in the table, 0^.58006, b piobably 
the correct one, although 0^.57912, involving five more 
returns of maximum between the extreme dates, satisfies 
the observations neariy as wdl. 

28. The dements of thb star appear to be about right, 
although there are several large residuab from the smooth 
curve. 

29. Thb star b a dose double. The light of the components 
b about equal, but thdr photographic images are not 
separated even on the best plates. The variability of 
one or both components seems sure, but the range b 
small. The period may be about 0^.50. 

30. Thb star is dose to a brighter one and b a difficult 
object. The variability seems sure, but no period has 
been found. 

3 1 . The dements of thb star appear to be fairiy satisfactory. 

32. The period given in the table appears to be about 
right, but there are several large residuab from the 
mean curve. A more satisfactory accordance b obtained 
by the use of the formula, J.D. 502i.i23-|-o*.495345 E 
+0^.03 sin (0^.089 E-Hii2®.o). The increase and de- 
crease of brightness are extremdy rapid. 

33. The dements of thb star appear to be satisfactory. 

34. The elements of this star appear to be fairly satisfactory. 

35. The dements of thb star appear to be fairly satisfactory. 

36. No uniform period has been found which satisfies all 
the observations wdl. The period given in the table, 
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0^.54557, is the most satisfactory simple period which 
could be found. Small changes from this period, involv- 
ing five or ten more or less returns of maximum between 
the extreme dates, give unfavorable results. The 
observed times of returning maximum, although they 
involve large residuals from the mean curve, never 
vary by a large amount from the computed epochs, but 
these differences appear to be systematic, such as 
would be manifested by a periodic change in the length 
of the period. A good accordance of all the observations 
may be obtained by the use of the following formula: — 
J.D. S02i.293-Ho'.S45S7 E+o'.oa sin (o'*.a46 E+333'*.4). 

37. No satisfactory period has been found for this star. 
The variatipn is sure, although the range is rather small. 
A period of about 0^.5 satisfies many of the observations 
fairiy well. 

38. The elements of this star are fairiy satisfactory. 

39. The period given in the table, 0^.58709, is probably 
correct, but the period 0^.58612, involving five more 
returns of maximum between the extreme dates, is also 
fairiy satisfactory. 

40. The elements of this star appear to be satisfactory. 

41. The period of this star seems about right, but there are 
many large residuak from the mean airve. The cause 
of these discordances is not apparent, 'but may be due 
to a small error in the period, or to some irregularities 
in the star. 

42. The elements of this star appear to be fairiy satisfactory, 
although a few of the residuals from the mean curve are 
large. This star is rather near the centre of the cluster. 

43. The elements of this star appear to be fairiy satisfactory. 
This variable is rather near the centre of the cluster. 

44. The elements of this star appear to be fairiy satisfactory. 

45. The elements of this star appear to be fairiy satisfactory. 

46. The period given in the table satisfies the observations 
fairiy well. The large residual at 4077.581 is confirmed 
by a reexamination of the image, but may be due to 
some peculiarity of the plate. The range of variation 
is small. 

47. The elements of this star appear to be fairiy satisfactory, 
although there are a few rather large residuak from the 
mean curve. The increase in brightness appears to be 
unusually slow. 

48. The elements of this star {^>pear to be fairiy satisfactory. 

49. The elements of thb star I4>pear to be fairiy satisfactory. 

50. The period given in the table satisfies fairiy well all the 
observations except that of J.D. 4073.585, which does 
not I4>pear to be an error in measurement. No better 
8inq)Ie period has been found, but better accordance 
is obtained by the use of the following formula: — 
J.D. 5021.345 -|-o'.si3io E-Ho'.02 sin (0^.234 E+26**.7). 

51. The elements of this star appear to be fairiy satisfactory, 
although there are several large residuals. 

52. The elements of this star appear to be fairiy satisfactory. 

53. The elements of this star ^)pear to be satisfactory. 
The n^id increase in brightness b well shown by the 
observations of J.D. 5160 and J.D. 5 161. 

54. The dements of this star appear to be fairiy satisfactory. 

55. The dements of this star ^)pear to be fairiy sadsfactcxy. 



56. The range of variation of this star is rather small, 
and the dements given in the table may be regarded 
as somewhat doubtful. The period, however, is probably 
a{^roximatdy right. 

57. The dements of this star are im)bably af^roximatdy 
right 

58. This star has an extremdy dose, faint companion and 
is a rather difficult object. The measurements appear 
to have large acddental errors, as is shown by the observa- 
tions of J.D. 5160 and J.D. 5161, on which dates the 
acddental errors are usually small. The period given in 
the table is evidently about right, althou^ the residuals 
fnnn the smooth curve are unusually large. 

59. The dements of this star ^)pear to be fairiy satisfactory. 

60. The dements of this star appear to be satisfactory. 
The period, 0^.70772, is longer than that of any ottor 
variable in Messier 3 whose period has been determined. 
The form of the li^t curve resembles that which was 
designated Subclass b in the discussion of the variables 
in the duster w Centauri. See HA. 38, page 132. It 
is, however, hardly more than an unusual case of Subclass 
a, a type almost, or quite, imiversal in Messier 3. 

61. The period given in the table is probaUy about right, 
although a few of the residuals from the smooth curve 
are large. 

62. The dements of this star ^)pear to be about right, 
although there are a number of large residuals from the 
smooth curve. The range of variation is rather small. 

63. The elements of this star i4>pear to be fairiy satisfactory. 

64. The elements of this star ^)pear to be fairiy satisfactory. 
The increase in light seems to be less rapid than is usual 
in the variables of this duster. 

65. The elements of this star I4>pear to be satisfactory. 
The length of the period of this variable is surpassed 
only by that of No. 60, among the variables of this duster. 

66. The dements of this star appear to be about right, 
although there are several large residuals from the smooth 
curve. 

67. The dements of this star ^)pear to be about right, 
although there are several large residuak from the 
smooth curve. 

68. The range of variation of thk star, although not large, 
k well marked. The period i^ipears to be not far from 
0^.5. Thk k shown on the plates of JJ). 5160 and 
Jjy, 5161, but no period has been found which satisfies 
all the observations. The period given in the table 
I4>pear8 to be about right, but there k some disturbing 
dement, dther an error in the period, or, possibly, 
duphdty with both components variable. The period 
0^4798 satisfies fairly well the observations from 
J.D. 4067 to J.D. 4084, but such a period does not 
seem consktent with the observations of JJ). 5160 
and J.D. 5 161. 

69. Thk star k a rather difficult object. The period given 
k probably about right, although there are several large 
residuak. The period 0^.56570, involving five matt 
returns of maximum between the extreme dates, satisfies 
the observations about as well as the one given in the 
table, but ndther of them k entirdy satisfactory. 
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71. 



72. 



73- 



74. 

75- 



70. This star is undoubtedly variable, but the range of 
variation is so small that the determination of the period 
&om the available materials would be difficult, and has 
not been attempted. 

The period given is probably about right. This variable 
is so near the variable No. 57, that the images of the two 
stars coalesce on the poorer plates. 

The period given satisfies nearly all the observations 
well. A few large residuals may be due to a slight error 
in the period, or the need of a correction for secular 
variation. The increase in brightness is extremely 
rapid, as is well shown on the plates of J.D. 5 161. 

This star appears to vary somewhat. The range, how- 
ever, is so small that no attempt has been made to de- 
termine the elements. 

The period given satisfies the observations well. 

The measurements of this star make the variability 
sure, but the range is so small that the determination 
of the period, though not impossible, would be very 
laborious and it has not been attempted. 

76. The period given satisfies the observations well. The 
rapidity of the increase in brightness is shown on the 
plates of J.D. 5161. 

77. This star is near the centre of the cluster and its image 
on neariy all the plates is confused with those of one or 
more adjacent very faint stars. 

78. This star is near the centre of the cluster and hence 
somewhat difficult. There are a number of large resid- 
uals. 

79. The results for this star appear to be of spedsl interest. 
See the discussion in regard to it on page 58 of this 
chapter. 

80. The results for this star appear to be satisfactory. 

81. The results for this star appear to be satisfactory. 
83. The results for this star appear to be satisfactory. 

83. The results for this star appear to be satisfactory. 
The rate of the increase in light, as shown on the plates 
made on J.D. 5160 and J.D. 5161, is extremely rapid. 

84. The results for this star appear to be fairly satisfactory. 

85. The observations of this star confirm the variability, 
but the range is small and no attempt has been made to 
determine the elements. 

86. The period, 0^41430, which is one of the shortest found 
in this cluster, satisfies the observations fairly well. 

87. This star appears to vary somewhat, but the range is 
so small that no attempt has been made to determine 
the period. 

88. This star is near the centre of the cluster, and the 
measiures on most of the plates are difficult. This may 
accoimt for the many large deviations from the smooth 
curve, but the period, also, may be somewhat in error. 

89. The period given in the table satisfies the observations 
fairiy well, except that of J.D. 4077.492, which is very 
discordant. A remeasurement of the plate made on 
that date, however, confirms the original observation. 

90. The period given in the table satisfies the observations 
well. 

91. The period given in the table does not satisfy well all 
the observations. Especial attention has been given 
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to this star, which has been measured on all available 
plates, 34 in number, in addition to the fifty measure- 
ments given in Table IX. The star is distant from the 
sequence of comparison stars, and the observations of 
brightness are somewhat difficult on this account. This 
does not account, however, for the many large residuals, 
which appeal to be systematic. If a correction of 
+0^,06 is applied to the computed returns of maximum 
for the observations between J.D. 3664 and J.D. 3724, 
—0^.06 between J.D. 4067 and J.D. 4085, and -f 0^.02 
for those of J.D. 5160 and J.D. 5 161, the results will be 
rendered reasonably accordant, but no sin^)le mathe- 
matical expression appears to represent these corrections. 

The period given satisfies the observations well, except 
that of J.D. 4036.555. A re-examination of the image 
of the variable on that date shows that it is probably 
defective. 

The period given satisfies the observations wdl. The 
star appears to remain near the maximum brightness 
longer than is usual with the variables of this duster, 
and, at minimum, for neariy half its period. 

For the peculiarities of this star see the discussion on 
page 55 of this chapter. 

This is one of the brightest stars in the duster, 
and the brightest variable found. It has a companion, 
position 265^, distance 6', magnitude 14.0. The 
variations in light appear to be peculiar. Usually 
the star remains at about maximum brightness, when 
it is noticeably brighter than the dose companion given 
above. Occasionally, however, it is fainter 'than the 
companion. The observations indicate that it may be 
a variable of the Algol type, but for an exact study of 
this star a series of photographs having short e3qx>sures 
is desirable. No period has been found which satisfies 
all the observations. Comparisons of this star were 
first made with the sequence stfir b, which later showed 
indications of variability. These measures were therefore 
rejected, and additional measures were made, making 
use of sequence stars a, c, and d. 

96. The period of this star is so nearly half a day, that it 
was somewhat difficult to determine whether it was a 
trifle greater or less that that amount The period 
given, 0*^.49947, about 45' less than half a day, satisfies 
the observations well and is doubtless about right. 
A period of o*'.5ooi7, however, about 15* greater than 
half a day, involving five less returns of maTimnm 
between the extreme dates, is nearly as accordant as the 
one given above; and even a period of 0^.50086, involving 
ten less returns of maximum between the extreme dates, 
does not give extremdy discordant results. As is well 
shown on the plates of J.D. 5060 and J.D. 5161, the 
increase in brightness is extremdy r^id, the greater 
part of the increase from minimum to maximum occupy- 
ing little more than half an hour. 

97. The period given in the table satisfies the observations 
well, except that at J.D. 4067.520. The range of varia- 
tion, however, is smaller than is usual in the stars of this 
duster, and the form of the light curves appears to be 
peculiar. 
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98. It is doubtful if this star is really variable. There 
are some small apparent variations, but these may be 
due to differences in the i^tes and exposures. The 
star is rather near the centre of the duster. 

99. This star appears to vary somewhat^ but the range of 
variation, if genuine, is very small, and no attempt 
has been made to detennine a period. 

100. The period given for this star is not very satisfactory, 
but it is probably approximately right. There is no 
apparent reason for so many, large residuals from the 
smooth curve, unless they are caused by an error in the 
period, or the need of a correction for secular variation. 

loi. Thb star is near the centre and the range <A variation 
is comparatively small. The period given satisfies the 
observations well, however, and is doubtless about 
right. The period is among the longest found in the 
cluster. 

I03. Thb star is very slightly, if at all, variable. The eariy 
con^Mirisons seem to show a small variability, but later 
measurements do not confirm this. 

103. The variability of this star is doubtful. It is similar 

to No. X03. 

104. The period given satisfies the observations well. 

X05. The range of variation of this star is very small and on 
many of the plates the real light changes are probably 
masked by the accidental errors of measurement. The 
exact period has not been determined, but from an inspec- 
tion of the observations of J.D. 5160, and J.D. 5x61, it 
appears probable that the period is about 0^45. 

106. The elements given in the taUe satisfy the observations 
hdriy weU, but there are indications of a systematic 
deviation between the actual epochs of maximum and 
those computed by the dements given in the table. 
The residuals from the smooth curve are not very large, 
and may possibly be due to acddental errors or to an 
error in the period. If we assume a secular change in the 
period, the following formula will be foimd to satisfy 
wdl all the observations; J.D. 5021.311+0^.547x8 E 
+6'.o3 sin (o®.2i4 E+3i3®4). 

X07. The dements given do not well satisfy the observations, 
but are probably about right. The range of variation 
is rather small. 

X08. The dements given in the table involve only two 
especially large residuals from the smooth curve. As 
in other cases, however, there are indications of syste- 
matic differences which it seems difi&cult to exi^ain on 
the supposition of a perfectly tmiform period. AU 
the observations are well satisfied by the use of the fol- 
lowing formula; J.D. 5021. 083 ^o^'.s 19607 £+0^.03 sin 
(o®.ixo E+295*.6). A period of 0^.52037, involving 
five less returns of maximum between the extreme dates 
is about as good as the period given in the table. \l^th 
its use there is the same appearance of systematic dif- 
ferences in the return of maximum. 

109. The star is rather near the centre and has a dose com- 
panion. The period given is probably about right 
although a few of the observations are rather discordant. 

xxo. This star is rather near the centre and is somewhat 
difficult. The dements given in the table satisfy the 



observations fairiy wdl with a few exceptions. The 
period 0^.53531 is about as satisfactory as the one given 
in the table, although it involves five moie r^ums of 
maximum between the extreme dates. In dther case 
there are indications of systematic differences, as in other 

CBSGS. 

ixx. This star is rather near the cei^re, has dose oomfMLnioBS, 
and b somewhat difficult. The dements gtven in the 
table satisfy the observations with a few ezceptioBS. The 
large residuab may be due to acddental errors rather 
than to systematic deviations of any sort. 

112. This star appears to vary sli^^tly, but tht range of 
variation is so small that no effort has been made to 
determine the period. The star is one of the most distant 
from the centre of the duster. 

113. This star is distant from the sequence of comparison 
stars, and measurements are therefore difficult The 
range of variation is large. The rate of increase and 
decrease of brightness is very rapid, as is shown by the 
observations of J.D. 5160 and J.D. 5x61. The period 
given in the taUe satisfies the observations fahly wdl, 
but there are several large residuals which may be due 
to accidental errors. 

1x4. This star is distant from the centre of the duster. The 
elements given in the table satisfy the observations 
well. 

115. This star is very distant from the centre of the duster. 
The dements given in the table satisfy all the observa^ 
ti(ms fairiy weU, except that at J.D. 4841.603. 

116. This star is distant from the centre of the duster. The 
dements given in the XMt satisfy the observations wdl. 

117. The dements given in the table satisfy the observations 
fairiy well. The period o'.6oi53, involving five less 
returns of maximum between the extreme dates, satisfies 
the observations about as wdl as the period given in the 
table. The range of variation is less than the avenge. 

1x8. The dements given in the table satisfy the observations 
well. 

119. The period given in the taUe satisfies wdl all the obser- 
vations except those at J.D. 3390.524 and JJ). 4078.579. 
These discordances do not i^>pear to be due to acddental 
errors. Th^ may be due to systematic differences 
such as have been found for No. 94, and others. A 
period of o''.5i702, and also one of 0^.51851, the first 
involving five more, and the second, five less, returns 
of maximum between the extreme dates, serve fairiy well 
but give less accordant results than 0^.5x776. 

120. The range of variation of this star is so small that 
the determination of the period from the available data 
is difficult if not impossible. The period 0^.3875 2 satisfies 
most of the observations very well, but this is shorter 
than any period in the duster whose determination is at 
all sure. Also a period of 0^.630x3 satisfies the obser- 
vations neariy as well as the former period. It will 
be noted that both of these periods are sub-multq>les 

of I*'.26. 

I2X. This star is near the centre of the duster and a difficult 
object. The acddental errors of measurement are 
undoubtedly large. The period given in the table is 



68 



ANNALS OF HARVARD COLLEGE OBSERVATORY 



probably about right, although there are many large 
residuals from the smooth curve. The period appears to 
be certainly a sub-multiple of about 2^.0, and the period 
given in the table, which is about one fourth that amount, 
seems better than one third, althou^ the period 0^.65695 
satisfies f airiy wdl the greater part of the observations. 

xaa. This star is near the centre and difficult. The varia- 
bility is doubtful, and the range of variation, if genuine, 
is very smalL No attempt has been made to find a 
poiod. 

1 33. This star b the most distant from the centre of the duster 
of any variable found. If it is a member of the system, 
as seems probable from the nature of its light changes, 
it extends the borders of the duster considerably farther 
than they i^>pear to reach from a count of the distribu- 
tion, or from a visual examination. This star is 17' 
from the centre, which would make the diameter of the 
duster 34', and indicates that such systems have out- 
lying and scattered members at enormous distances 
from the centre. The dements given in the table satisfy 
all the observations well, but these observations indude 
only those between J.D. 3373, and J.D. 4841, since 
the star is too remote &om the centre to appear on the 
plates made by Keder with the Crossley Reflector on 
J.D. 5160, and J.D. 5161. 

124. Thb star seems surdy variable, but the range is very 
small and no attempt has been made to determine the 
period. 

125. The range of variation of this star is small. The de- 
ments given in the taUe satisfy the observations fairiy 
wdl, and are probably about right. 

126. Thb star b undoubtedly variable, but the range of 
variation is very small, and the results must be accepted 
with some doubt. The dements given in the taUe 
satisfy the observations fairiy well, and may be about 
right. 

127. Thb star i^>pear8 to be variable, but the measures do 
not render thb certain. It b a difficult object, having 
two dose OHnpanions, one brighter and the other fainter 
than the variaUe, and both too near to be weQ sqMuated 
on any of the plates. The brighter companion b at 
position o**, distance 3', magnitude 14.5. The fainter 
companion b at position 130**, dbtance 3', magnitude 
x6.o. 



128. Thb star has a rdativdy bright dose oompomon, 
position 230°, distance 4', magnitude 14.0. The 
acddental errors of measurement are large, but the 
dements given in the table are probably about right. 

129. Thb star has a relativdy bright dose companion with 
which its image b confused on many plates. The com* 
panion b at position 270^, distance 4', magnitude, 14.0. 
No attempt has been made to find a period, as the 
measures are difficult and the range of variation small. 

130. Thb b a difficult star. The variability i^>pear8 to be 
sure, but the range of variation b small and the acdden- 
tal errors of measurement, large, so that the determination 
of a period from the available data would be difficult 

131. Thb star b near the centre of the duster and has a faint 
companion, whose light, on neariy all the i^tes, b oonfused 
with that of the variable. The companion b at position 
300**, dbtance 3', magnitude 17.0. The light of both 
stars was measured. The period given in the taUe 
satisfies the observations fairiy wdl under the drcum- 
stanoes, but it must be regarded as somevdiat doubtful. 

132. Thb star b near the centre and difficult. The dements 
given in the taUe involve laige discordances but these 
may be due to the acddental errors of measurement. 
The period b probably about right 

133. Thb star b a dose double and the light of both com- 
ponents was measured. The dements given in the table 
satisfy the observations wdl. It was not measured cm 
the plates of J.D. 3372 and J.D. 3377, and on mme of 
the Bruce plates, since the definition b inferior to that on 
the other plates. 

134. Thb star has a dose companion and b rather difficult 
of measurement. The dements given in the table, 
however, satisfy the observations well. The companion 
b at position 45^, dbtance 3', magnitude 16.5. 

135. Thb star appeared to vary when first examined. The 
measurements by Miss Ldand, however, show that the 
variation, if genuine, b very smalL The star b near the 
centre of the duster and difficult 

136. Thb star appeared to vary when first examined. The 
measurements, however, show that the variaticm, if 
genuine, is very small. The star b near the centre and 
difficult. 

137. Thb b a rather dose and difficult star, but the dements 
given in the table satisfy the observations fairiy wdl. 



CHAPTER IV 



MISCELLANEOUS ]RESULTS 



The coordinates of the light curves of all the variables in Messier 3, no in 
number, for which periods have been determined, are given in Table XVI. The 
period of each star was divided into twenty-four equal parts and the magnitudes 
corresponding to the points of division between the consecutive parts were read 
from the smooth curves drawn through all the observations. These results, es- 
pecially those near maximum, must be regarded as approximate only, since the curves 
from which they were read were of small scale, and were drawn through all the 
observations. For a study of the effect of the duration of exposure, see page 88. 
The precise rate of increase is best derived from those stars in which this phase is 
covered by the series of Keeler plates on J. D. 2415160, or 2415161. The values thus 
obtained have been given in Table XV, expressed to hundredths of a magnitude. 
This is especially true, since a slight error or irregularity in the period will cause 
the apparent form of the curve just preceding maximum to vary much when the 
observations cover several years, but will not sensibly affect it when they all occur 
on the same night. The first colimm on each page of Table XVI contains the points 
of division into equal parts. The results for each star occupy three columns, the 
first of which gives the phase, the second, the corresponding magnitude, and the 
third, the differences found by subtracting the magnitude corresponding to each 
phase from the one immediately following it. The third colimm, therefore, gives 
the amount of increase or decrease, expressed in hundredths of a magnitude, for 
every twenty-foxurth part of the period. 
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TABLE XVI 



UGHT CURVES 



Ptft 



Phase 



Mmgn. 



Phase 



Magn. 



Phase 



Magn. 



Phase 



Magn. 



Phase 



Magn. 



No. I 



No. 3 



No. s 



No. 6 



No. 7 



o 
I 

2 

3 
4 

S 
6 

7 
8 

9 

lO 

II 

12 

13 
14 

IS 
i6 

17 
iS 

19 

20 
21 
22 

23 



COCO 
0.022 
0.043 
0.065 
0.087 
0.108 
0.130 
0.152 

0.174 
0.19s 
0.217 
0.239 
0.260 
0.282 
0.304 
0.326 

0.347 
0.369 

0.391 

0.412 

0.434 
0.456 

0.477 
0.499 



4.50 

453 
4.70 

4.90 

S-44 

S.73 
6.02 

6.32 

6.48 

6.58 

6.63 

6.66 

6.67 

6.67 

6.67 

6.66 

6.66 

6.66 

6.6s 

6.65 

6.63 

S-3S 
4.53 



+ .03 

+ .17 
+ .20 

+ .25 
+ .29 
+ .29 
+ .29 
+ .30 
+ .16 

+ .10 
+ .05 

+ -03 
+ .01 

.00 

.00 

— .01 
.00 
.00 

— .01 
.00 

— .02 
-1.28 

— .82 

— .03 



4. 
0.000 

0.023 

0.047 

0.070 

0.093 

0.116 

0.140 

0.163 

0.186 

0.210 

0.233 
0.256 

0.280 

0.303 
0.326 

0.350 

0.373 
0.396 

0.419 

0.443 
0.466 

0.489 

0.513 
0.536 



4.50 
4.61 

4.74 

4.91 
5.08 

S.25 
5-46 

5-67 

S.89 
6.11 

6.27 

6.40 

6.63 
6.68 
6.69 
6.70 
6.70 
6.70 
6.70 
6.69 

6.3s 
S-40 

4.72 



+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 



II 

13 

17 

17 

17 
21 

21 

22 

22 

16 

13 

15 
08 

OS 
01 

01 

00 

00 

00 

01 

34 

95 
68 

22 



d. 
0.000 

0.021 

0.042 

0.063 

0.084 

o.ios 
0.127 
0.148 
0.169 
0.190 

0.2II 
0.232 

0.253 
0.274 

0.295 

0.317 

0.338 

0.359 
0.380 

0.401 

0.422 

0.443 
0.464 

0.485 



4.34 

4.43 
4.60 

4.80 

5.10 

S-37 
5-65 
S.85 
6.10 

6.30 

6.45 

6.57 
6.64 

6.70 

6.72 

6.73 

6.75 

6.7s 
6.76 

6.7s 
6.74 
6.70 

6.49 
5.00 



+ .09 

+ .17 
+ .20 

+ .30 
+ .27 
+ .28 
+ .20 

+ .25 
+ .20 

+ .IS 

+ .12 

+ .07 

+ .06 

+ .02 

+ .01 

+ .02 
.00 

+ .01 

— .01 

— .01 

— .04 

— .21 
-1.49 

- .66 



0.000 
0.021 
0.043 
0.064 
0.086 
0.107 
0.129 
0.150 
0.171 

0.193 
0.214 

0.236 

0.257 

0.279 

0.300 

0.321 

0.343 
0.364 

0.386 

0.407 

0.429 

0.450 

0.471 

0.493 



4.40 
4.70 

5.10 

5-43 
5.58 
5.80 

5-94 
6.05 

6.20 

6.32 

6.46 

6.54 
6.64 

6.74 

6.79 

6.81 

6.83 
6.85 
6.86 
6.85 
6.84 
6.80 
5.20 
4.40 



+ .30 
+ .40 

+ -33 
+ 15 

+ .22 

+ .14 
+ .11 

+ .IS 

+ .12 

+ .14 
+ .08 

+ .10 

+ .10 

+ .05 

+ .02 

+ .02 

+ .02 

+ .01 

— .01 

— .01 

— .04 

— 1.60 

— .80 
.00 



d. 
0.000 

0.021 

0.041 

0.062 

0.083 

0.104 

0.124 

0.145 
0.166 

0.187 
0.207 
0.228 
0.249 
0.269 
0.290 
0.31 1 
0.332 
0.352 
0.373 
0.394 
0.415 
0.435 
0.456 

0.477 



4.40 
4.48 
4.68 
4.90 
5.22 

552 
5.76 
6.00 

6.13 
6.24 
6.32 
6.36 
6.40 

6.43 

6.45 

647 

6.47 
6.48 

6.48 

6.49 
6.44 

6.40 

5-45 
4.50 



+ .08 
+ .20 
+ .22 



+ 
+ 
+ 



•32 
•30 
24 



+ .24 
+ .13 
+ .11 
+ .08 

+ .04 
+ .04 
+ .03 
+ .02 
+ .02 

.00 
+ .01 

.00 
+ .01 

- -05 

- .04 

- -95 

- .95 

- .10 



No. 9 



No. 10 



No. II 



No. 13 



No. 14 



o 
I 
2 

3 
4 

5 
6 

7 
8 



d. 
0.000 

0.023 

0.045 
0.068 

0.090 

0.1 13 

0.135 
0.158 

0.180 

0.203 



14.60 

14.60 

14.72 

15-03 
1540 

15.78 
16.02 

16.20 

16.39 

16.54 



.00 
+ .12 

+ .31 
+ .37 
+ .38 

+ .24 
+ .18 

+ .19 
+ .15 
+ .09 



d. 
0.000 

0.024 

0.047 

0.071 

0.095 

0.119 

0.142 

0.166 

0.190 

0.214 



14.76 

14.79 
14.86 

15.04 
15-30 

15.55 
15.90 

16.18 

16.46 

16.57 



+ .03 
+ .07 
+ .18 
+ .26 

+ .25 

+ .35 
+ .28 

+ .28 

+ .11 
+ .05 



d. 
0.000 

0.021 

0.042 

0.064 

0.085 

0.106 

0.127 

0.148 

0.169 

0.190 



14.30 

14.45 
14.60 

14.82 

15.10 

15.35 
15.62 

15.83 
16.10 

16.30 



+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 



.15 

.15 
.22 

.28 

.25 
.27 

.21 

.27 
.20 

•13 



d. 
0.000 

0.020 

0.040 

0.060 

0.081 

O.IOI 

O.I2I 

O.I4I 

O.161 

O.181 



14.50 

14.55 
14.63 

14.75 

14.93 
15.10 

15.30 
15.50 
15.62 

15.85 



+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 



.05 
.08 

.12 

.18 

.17 
.20 

.20 

.12 

.23 
•15 



d. 
0.000 

0.026 

0.053 

0.079 

0.106 

0.132 

0.159 
0.185 

0.212 

0.238 



14.50 
14.60 

14.75 
14.96 

15.16 
15.50 

15.78 
16.05 

16.30 
16.42 



+ .10 

+ .IS 

+ .21 
+ .20 

+ .34 
+ .28 

+ .27 

+ .25 

+ .12 
+ .08 
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Pait 


Phut 


lOfB. 


A 


PImm 


MtCB. 


A 


PhaM 


lOf.. 


A 


Phue 




A 


PhaM 


MagB. 


A 




No. 9 


No. 10 


No. II 


No. 13 


No. 14 




d. 








d. 






d. 






d. 






a. 






10 


0.226 


16.63 


+ 


.05 


0.237 


16.62 


+ .04 


0.212 


16.43 


+ .08 


0.201 


16.00 


+ .15 


0.264 


16.50 


+ .03 


II 


0.248 


16.68 


+ 


•05 


0.261 


16.66 


+ .02 


0.233 


16.51 


+ .03 


0.221 


16.15 


+ .18 


0.291 


16.53 


.00 


12 


0.271 


16.73 


+ 


.01 


0.285 


16.68 


+ .02 


0.254 


16.54 


+ .01 


0.242 


16.33 


+ .15 


0.317 


16.53 


+ .01 


13 


0.293 


16.74 


+ 


.02 


0.308 


16.70 


.00 


0.275 


16.55 


+ .01 


0.262 


16.48 


+ .07 


0.344 


16.54 


.00 


14 


0.316 


16.76 




.00 


0.332 


16.70 


.00 


0.296 


16.56 


+ .02 


0.282 


16.55 


+ .05 


0.370 


16.54 


+ .01 


IS 


0.33S 


16.76 




.00 


0.356 


16.70 


.00 


0.317 


16.58 


+ .01 


0.302 


16.60 


.00 


0.397 


16.5s 


— .01 


16 


0.361 


16.76 




.00 


0.380 


16.70 


.00 


0.339 


16.59 


+ .01 


0.322 


16.60 


.00 


0.423 


16.54 


- .04 


17 


0.383 


16.76 




.00 


0.403 


16.70 


.00 


0.360 


16.60 


.00 


0.342 


16.60 


.00 


0.450 


16.50 


- .30 


18 


0.406 


16.76 




.00 


0.427 


16.70 


.00 


0.381 


16.60 


.00 


0.362 


16.60 


.00 


0.476 


16.20 


- .51 


19 


0.429 


16.76 




.00 


0.451 


16.70 


.00 


0.402 


16.60 


— .01 


0.383 


16.60 


.00 


0.502 


15.69 


- .51 


20 


0.451 


16.76 




.00 


0.475 


16.70 


.00 


0.423 


16.59 


- .03 


0.403 


16.60 


— .20 


0.529 


15.18 


— .40 


21 


0.474 


16.76 


— 


.38 


0.498 


16.70 


— .10 


0.444 


16.56 


- .44 


0.423' 


16.40 


- .30 


0.555 


14.78 


— .20 


22 


0.496 


16.38 


— I 


.38 


0.522 


1560 


- -65 


0.465 


16.12 


-1.42 


0.443 


16.10 


-1.38 


0.582 


14.58 


— .06 


23 


0.519 


1500 


— 


.40 


0.546 


14.95 


- .19 


0.487 


14.70 


— .40 


0.463 


14.72 


— .22 


0.608 


14.52 


— .02 




No. IS 


No. 16 


No. 17 


No. 18 

• 


No. 19 




d. 








d. 






d. 






d. 






d. 









0.000 


14.50 


+ 


.12 


0.000 


14.70 


+ .15 


0.000 


15.00 


+ .04 


0.000 


15.00 


+ OS 


0.000 


15.60 


.00 


I 


0.022 


14.62 


+ 


.20 


0.021 


14.85 


+ 


.18 


0.024 


15.04 


+ .19 


0.022 


15.05 


+ 


•13 


0.017 


15.60 


+ 


•03 


2 


0.044 


14.82 


+ 


•23 


0.043 


1503 


+ 


17 


0.048 


15.23 


+ .29 


0.043 


15.18 


+ 


.22 


0.034 


15.63 


+ 


.07 


3 


0.066 


1505 


+ . 


25 


0.064 


15.20 


+ . 


•15 


0.072 


15.52 


+ .24 


0.065 


15.40 


+ 


.22 


0.051 


15.70 


+ 


•05 


4 


0.088 


15-30 


+ 


30 


0.085 


15.35 


+ . 


.19 


0.096 


15.76 


+ .24 


0.086 


15.62 


+ . 


,22 


0.069 


15.75 


+ . 


.11 


S 


O.I 10 


15.60 


+ . 


25 


0.107 


15.54 


+ . 


.16 


0.120 


16.00 


+ .30 


0.108 


15.84 


+ . 


.11 


0.086 


15.86 


+ . 


•15 


6 


0.133 


15.85 


+ . 


.20 


0.128 


15.70 


+ . 


.20 


0.144 


16.30 


+ .15 


0.129 


15.95 


+ . 


.20 


0.103 


16.01 


+ . 


.24 


7 


o.iSS 


16.05 


+ . 


15 


0.149 


15.90 


+ . 


17 


0.168 


16.45 


+ .10 


O.I5I 


16.15 


+ . 


.11 


0.120 


16.25 


+ . 


•15 


8 


0.177 


16.20 


+ . 


15 


0.170 


16.07 


+ . 


.19 


0.192 


16.55 


+ .09 


0.172 


16.26 


+ . 


.12 


0.137 


16.40 


+ . 


15 


9 


0.199 


16.35 


+ . 


13 


0.192 


16.26 


+ . 


.18 


0.216 


16.64 


+ .06 


0.194 


16.J8 


+ . 


.12 


0.154 


16.55 


+ . 


.08 


10 


0.221 


16.48 


+ . 


07 


0.213 


16.44 


+ . 


.12 


0.240 


16.70 


+ .04 


0.215 


16.50 


+ . 


.08 


0.172 


16.63 


+ . 


•05 


II 


0.243 


16.55 


+ . 


05 


0.234 


16.56 


+ . 


.14 


0.264 


16.74 


-|- .02 


0.237 


16.58 


+ . 


01 


0.189 


16.68 


+ . 


•05 


12 


0.265 


16.60 




.00 


0.256 


16.70 


+ . 


.08 


0.288 


16.76 


+ .01 


0.258 


16.59 


+ . 


II 


0.206 


16.73 


+ . 


.02 


13 


0.287 


16.60 




00 


0.277 


16.78 


+ . 


.06 


0.312 


16.77 


+ .01 


0.280 


16.70 


+ . 


03 


0.223 


16.75 


+ . 


.02 


14 


0.309 


16.60 


+ . 


.01 


0.298 


16.84 




.00 


0.336 


16.78 


+ .01 


0.301 


16.73 


+ . 


01 


0.240 


16.77 


+ . 


.01 


IS 


0.331 


16.61 


+ . 


.01 


0.320 


16.84 




.00 


0.360 


16.79 


— .02 


0.323 


16.74 


+ . 


.02 


0.257 


16.78 


+ . 


.02 


16 


0.353 


16.62 




►00 


0.341 


16.84 




,00 


0.384 


16.77 


.00 


0.344 


16.76 


+ . 


.01 


0.274 


16.80 


+ . 


.02 


17 


0.376 


16.62 




.00 


0.362 


16.84 


— , 


.01 


0.408 


16.77 


.00 


0.366 


16.77 




00 


0.292 


16.82 




.00 


18 


0.398 


16.62 




.00 


0.384 


16.83 


— , 


.18 


0.432 


16.77 


.00 


0.387 


16.77 




00 


0.309 


16.82 




.00 


19 


0.420 


16.62 


— , 


03 


0.405 


16.65 


— , 


47 


0.456 


16.77 


— .01 


0.409 


16.77 


— , 


.02 


0.326 


16.82 


— , 


.04 


20 


0.442 


16.59 


— , 


03 


0.426 


16.18 


— , 


65 


0.480 


16.76 


— .01 


0.430 


16.75 


— . 


05 


0.343 


16.78 


— 


.28 


21 


0.464 


16.56 


— 


,11 


0.448 


15.53 


— . 


53 


0.504 


16.75 


- .30 


0.452 


16.70 


— , 


•05 


0.360 


16.50 


— , 


73 


22 


0.486 


16.45 


— , 


.62 


0.469 


15.00 


— . 


31 


0.528 


16.45 


— 1. 21 


0.473 


15.65 


— . 


65 


0.377 


15.77 


— , 


17 


23 


0.508 


1507 


^^ 


•57 


0.490 


14.69 


+ . 


01 


0.552 


15.24 


- .24 


0.495 


15.00 




.00 


0.395 


15.60 




.00 
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Pmrt 


PhMe 


Macn. 


A 


Phase 


lOf.. 


A 


Phase 


lOfB. 


A 


Phase 


Magn. 


A 


Phase 


llacn. 


A 




No. 20 


No. 21 


No. 22 


No. 23 


No. 24 




d. 






a. 






t 






d. 






d. 






O 


O.OOO 


14.44 


+ .11 


0.000 


14.90 


+ .02 


0.000 


14-34 


+ .04 


0.000 


14.50 


+ .05 


0.000 


14.80 


+ .04 1 


I 


0.020 


I4.SS 


+ .25 


0.022 


14.92 


+ . 


.11 


0.020 


14.38 


+ . 


.22 


0.025 


14-55 


+ .10 


0.028 


14.84 


+ . 


.08 


2 


0.041 


14.80 


+ .20 


0.043 


15-03 


+ . 


.20 


0.040 


14.60 


+ . 


.46 


0.050 


14.65 


+ .10 


0.055 


14.92 


+ . 


.11 


3 


0.061 


15-00 


+ .20 


0.065 


IS-23 


+ . 


.21 


0.060 


15.06 


+ 


.29 


0.075 


14-75 


+ .11 


0.083 


15-03 


+ . 


.18 


4 


0.082 


15-20 


+ .20 


0.086 


15-44 


+ . 


,26 


0.080 


15-35 


+ . 


•30 


O.IOO 


14.86 


+ .09 


O.III 


15.21 


+ . 


14 


S 


0.102 


15.40 


-|- .22 


0.108 


15.70 


+ . 


.22 


O.IOO 


15-65 


+ . 


30 


0.125 


14-95 


+ .17 


0.138 


15.35 


+ . 


25 


6 


0.123 


15-62 


+ .15 


0.129 


15.92 


+ . 


24 


0.120 


15-95 


+ . 


17 


0.149 


15-12 


+ .12 


0.166 


15-60 


+ . 


24 


7 


0.143 


15-77 


+ .23 


O.151 


16.16 


+ . 


.16 


0.140 


16.12 


+ . 


.18 


0.174 


15-24 


+ .12 


0.194 


15.84 


+ . 


.21 


8 


0.164 


16.00 


+ .14 


0.172 


16.32 


+ . 


.12 


0.160 


16.30 


+ 


.10 


0.199 


15-36 


+ -IS 


0.222 


16.05 


+ . 


►13 


9 


0.184 


16.14 


+ .16 


0.194 


16.44 


+ . 


.16 


0.I8I 


16.40 


+ . 


.10 


0.224 


15.51 


+ .11 


0.249 


16.18. 


+ . 


•14 


lO 


0.205 


16.30 


+ .13 


0.215 


16.60 


+ 


.10 


0.201 


16.50 


+ . 


.10 


0.249 


15.62 


+ .11 


0.277 


16.32 


+ . 


.06 


II 


0.22s 


16.43 


+ .09 


0.237 


16.70 


+ 


.07 


0.221 


16.60 


+ 


.09 


0.274 


15.73 


+ .10 


0.305 


16.38 


+ . 


.06 


12 


0.246 


16.52 


+ .08 


0.258 


16.77 


+ 


.05 


0.241 


16.69 


+ 


.06 


0.299 


15-83 


+ .09 


0.332 


16.44 


+ . 


03 


13 


0.266 


16.60 


+ .07 


0.280 


16.82 


+ 


.02 


0.261 


16.75 


+ 


•05 


0.324 


15-92 


+ .04 


0.360 


16.47 


+ . 


•03 


14 


0.287 


16.67 


+ .06 


0.301 


16.84 


+ . 


.02 


0.281 


16.80 


+ 


.04 


0.349 


15.96 


+ .04 


0.388 


16.50 


+ . 


.02 


IS 


0.307 


16.73 


-|- .02 


0.323 


16.86 


+ 


.02 


0.301 


16.84 


+ 


•03 


0.374 


16.00 


+ .02 


0.415 


16.52 


+ . 


03 


i6 


0.328 


16.75 


+ .02 


0.344 


16.88 


+ 


.01 


0.321 


16.87 


+ . 


.01 


0.398 


16.02 


.00 


0.443 


16.55 


+ . 


.01 


I? 


0.348 


16.77 


.00 


0.366 


16.89 


+ 


.01 


0.341 


16.88 


+ . 


.02 


0.423 


16.02 


— .01 


0.471 


16.56 


+ . 


.01 


i8 


0.368 


16.77 


+ .01 


0.387 


16.90 




.00 


0.361 


16.90 


— 


,02 


0.448 


16.01 


— .01 


0.498 


16.57 


+ . 


•03 


19 


0.389 


16.78 


- .28 


0.409 


16.90 




.00 


0.381 


16.88 


— , 


.08 


0.473 


16.00 


- -OS 


0.526 


16.60 


— , 


.02 


20 


0.409 


16.50 


— .20 


0.430 


16.90 


— , 


17 


0.401 


16.80 


— 


•25 


0.498 


15-95 


— .10 


0.554 


16.58 


— 


.04 


21 


0.430 


16.30 


— 1.62 


0.452 


16.73 


— I, 


•03 


0.421 


16.5s 


— I. 


•05 


0.523 


15-85 


-1.15 


0.582 


16.54 


— I 


•54 


22 


0.450 


14.68 


— .21 


0.473 


15-70 


— , 


56 


0.441 


15-50 


— I. 


,00 


0.548 


14.70 


- .16 


0.609 


15.00 


— , 


.18 


23 


0.471 


14-47 


- .03 


0.495 


15-14 


""* 


.24 


0.461 


14-50 


^■^ 


.16 


0.573 


14.54 


— .04 


0.637 


14.82 


"~* 


.02 




No. 25 


No. 26 


No. 27 


No. 28 


No. 31 




d. 






d. 






d. 






d. 






d. 






O 


0.000 


14.64 


+ .02 


0.000 


14.50 


+ .06 


0.000 


1500 


+ .14 


0.000 


14-50 


+ .04 


0.000 


14.50 


+ .02 


I 


0.020 


14.66 


+ .09 


0.025 


14.56 


+ .18 


0.024 


1S-14 


+ .29 


0.020 


14-54 


+ .14 


0.024 


14.52 


+ .12 


2 


0.040 


H-7S 


+ .15 


0.050 


14-74 


+ .32 


0.048 


15.43 


+ -37 


0.040 


14.68 


+ .32 


0.048 


14.64 


+ .12 


3 


0.060 


14.90 


+ .36 


0.075 


15-06 


+ .29 


0.073 


15.80 


+ .27 


0.059 


15.00 


+ .40 


0.073 


14.76 


+ .31 


4 


0.080 


1526 


+ .39 


O.IOO 


15-35 


+ .25 


0.097 


16.07 


+ .16 


0.079 


15-40 


+ .30 


0.097 


15-07 


+ .46 


S 


O.IOO 


15-65 


+ .45 


0.125 


15-60 


+ .24 


O.I2I 


16.23 


+ .19 


0.099 


15-70 


+ .20 


O.I2I 


15.53 


+ .27 


6 


0.120 


16.10 


+ .24 


0.149 


15.84 


+ .26 


0.145 


16.42 


+ .08 


O.II9 


15-90 


+ .17 


0.145 


15.80 


+ .20 


7 


0.140 


16.34 


+ .12 


0.174 


16.10 


+ .13 


0.169 


16.50 


+ .04 


0.139 


16.07 


+ .08 


0.169 


16.00 


+ .13 


8 


0.160 


16.46 


+ .09 


0.199 


16.23 


+ .13 


0.194 


16.54 


+ .05 


0.158 


16.15 


+ .08 


0.194 


16.13 


+ .09 


9 


0.180 


16.55 


+ .08 


0.224 


16.36 


+ .11 


0.218 


16.59 


+ .04 


0.178 


16.23 


+ .04 


0.218 


16.22 


+ .10 


lO 


0.200 


16.63 


+ .03 


0.249 


16.47 


+ .09 


0.242 


16.63 


.00 


0.198 


16.27 


+ .03 


0.242 


16.32 


+ .04 


II 


0.220 


16.66 


+ .04 


0.274 


16.56 


+ .04 


0.266 


16.63 


+ .03 


0.218 


16.30 


.00 


0.266 


16.36 


+ .04 
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Put 


PlMM 


Mmgn. 


A 


PhaM 


Magn. 


A 


Phaie 


Ma«ii. 


A 


Phaie 


Magn. 


A 


Phase 


liagv* 


A 




No. 25 


No. 26 


No. 27 


1^0.28 


No. 31 




d^ 








d. 








d. 








d. 






d. 






12 


0.240 


16.70 


+ 


.02 


0.299 


16.60 




.00 


0.290 


16.66 




.00 


0.238 


16.30 


.00 


0.290 


16.40 


+ .07 


13 


0.260 


16.72 


+ 


.02 


0.324 


16.60 




.00 


0.31s 


16.66 


+ 


.01 


0.258 


16.30 


.00 


0.315 


1647 


+ .03 


14 


0.280 


16.74 




.00 


0.349 


16.60 




.00 


0.339 


16.67 




.00 


0.277 


16.30 


.00 


0.339 


16.50 


+ .02 


IS 


0.300 


16.74 




.00 


0.374 


16.60 




.00 


0.363 


16.67 




.00 


0.297 


16.30 


.00 


0.363 


16.52 


+ .02 


16 


0.320 


16.74 


— 


.01 


0.398 


16.60 


— 


.02 


0.387 


16.67 




.00 


0.317 


16.30 


.00 


0.387 


16.54 


+ .02 


17 


0.340 


16.73 


— 


.01 


0.423 


16.58 


— 


•03 


0.41 1 


16.67 


— 


-03 


0.337 


16.30 


.00 


O.41I 


16.56 


.00 


18 


0.360 


16.72 


— 


.04 


0.448 


16.55 


— 


•05 


0.436 


16.64 


— 


.14 


0.357 


16.30 


.00 


0.436 


16.56 


" .01 


19 


0.380 


16.68 


— 


•13 


0.473 


16.60 


— 


.28 


0.460 


16.50 


— 


.40 


0.376 


16.30 


.00 


0.460 


16.55 


- .03 


20 


0.400 


16.SS 


— 


-35 


0.498 


16.32 


— 


-32 


0.484 


16.10 


— 


•54 


0.396 


16.30 


— .10 


0.484 


16.52 


- -32 


21 


0.420 


16.20 


— 


.70 


0.523 


16.00 


— 


.46 


0.508 


15.64 


— 


-38 


0.416 


16.20 


- .17 


0.508 


16.20 


— 1.23 


22 


0.440 


15-50 


— 


.40 


0.548 


15-54 


— 


-51 


0.532 


1526 


— 


.19 


0.436 


16.03 


-1-37 


0.532 


14.97 


- .30 


23 


0.460 


14.90 


"^ 


.26 


0.573 


15-03 


"^ 


-53 


0.556 


15-07 


"~~ 


.07 


0.456 


14.66 


- .16 


0.557 


14.67 


- ^17 




No. 32 


No. 33 


No. 34 


No. 35 


No. 36 




d. 










d. 






d. 








d- 






d. 


1 





0.000 


14.35 


+ 


.18 


0.000 


14.70 


+ 


.14 


0.000 


15.00 


+ 


.02 


0.000 


14.65 


+ .03 


0.000 


14.80 


+ .09 


I 


0.021 


14.53 


+ 


.02 


0.022 


14.84 


+ 


-23 


0.023 


15-02 


+ 


.08 


0.022 


14.68 


+ .12 


0.023 


14.89 


+ .21 


2 


0.041 


14.55 


+ 


-25 


0.044 


15-07 


+ 


-33 


0.047 


15-10 


+ 


-30 


0.044 


14.80 


+ -25 


0.045 


15-10 


+ .34 


3 


0.062 


14.80 


+ 


-35 


0.066 


15-40 


+ 


.28 


0.070 


15-40 


+ 


.10 


0.066 


15-05 


+ .24 


0.068 


15-44 


+ .16 


4 


0.083 


15-15 


+ 


•35 


0.088 


15.68 


+ 


.22 


0.093 


15-50 


+ 


•30 


0.088 


15-29 


+ .31 


0.091 


15.60 


+ .30 


S 


0.103 


15-50 


+ 


-30 


0.109 


15-90 


+ 


•23 


o.n6 


15.80 


+ 


-30 


O.III 


1560 


+ .30 


O.II4 


15.90 


+ .32 


6 


0.124 


15-80 


+ 


•30 


0.131 


16.13 


+ 


.11 


0.140 


16.10 


+ 


.20 


0.133 


15.90 


+ .30 


0.136 


16.22 


+ .18 


7 


0.144 


16.10 


+ 


.16 


0.153 


16.24 


+ 


.11 


0.163 


16.30 


+ 


.18 


O.I 55 


16.20 


+ .15 


0.159 


16.40 


+ .12 


8 


0.165 


16.26 


+ 


.12 


0.17s 


16.3s 


+ 


.09 


0.186 


16.48 


+ 


.06 


0.177 


16.35 


+ .14 


0.182 


16.52 


+ .08 


9 


0.186 


16.38 


+ 


.06 


0.197 


16.44 


+ 


.08 


0.210 


16.54 


+ 


.02 


0.199 


16.49 


+ .08 


0.205 


16.60 


+ .07 


10 


0.206 


16.44 


+ 


.06 


0.219 


16.52 


+ 


.04 


0.233 


16.56 


+ 


-07 


0.221 


16.57 


+ .03 


0.227 


16.67 


+ -05 


II 


0.227 


16.50 


+ 


•03 


0.241 


16.56 


+ 


.06 


0.256 


16.63 


+ 


.02 


0.243 


16.60 


+ .02 


0.250 


16.72 


+ .03 


12 


0.248 


16.53 


+ 


.04 


0.263 


16.62 


+ 


•03 


0.280 


16.65 


+ 


.02 


0.265 


16.62 


+ .02 


0.273 


16.75 


+ .03 


13 


0.268 


16.57 


+ 


.01 


0.285 


16.65 


+ 


•05 


0.303 


16.67 


+ 


.01 


0.287 


16.64 


-|- .01 


0.296 


16.78 


+ .02 


14 


0.289 


16.58 


+ 


.01 


0.306 


16.70 




.00 


0.326 


16.68 


+ 


.02 


0.310 


16.65 


+ .01 


0.318 


16.80 


.00 


IS 


0.310 


16.59- 


+ 


.01 


0.328 


16.70 


+ 


.04 


0.349 


16.70 




.00 


0.332 


16.66 


+ .01 


0.341 


16.80 


.00 


16 


0.330 


16.60 




.00 


0.350 


16.74 




.00 


0.373 


16.70 




.00 


0.354 


16.67 


.00 


0.364 


16.80 


.00 


17 


0.3S1 


16.60 




.00 


0.372 


16.74 


+ 


.01 


0.396 


16.70 




.00 


0.376 


16.67 


+ .01 


0.386 


16.80 


.00 


18 


0.372 


16.60 




.00 


0.394 


16.7s 


+ 


.01 


0.419 


16.70 




.00 


0.398 


16.68 


.00 


0.409 


16.80 


.00 


19 


0.392 


16.60 


— 


.01 


0.416 


16.76 




.00 


0.443 


16.70 




.00 


0.420 


16.68 


— .01 


0.432 


16.80 


.00 


20 


0.413 


16.59 


— 


.11 


0.438 


16.76 


— 


.21 


0.466 


16.70 


— 


.16 


0.442 


16.67 


- .03 


0.4S5 


16.80 


— .20 


21 


0.433 


16.48 


— 


.88 


0.460 


16.55 


— 


•8s 


0.489 


16.54 


— : 


[.00 


0.464 


16.64 


- .14 


0.477 


16.60 


-1.50 


22 


0.4S4 


15.60 


— ; 


f-iS 


0.481 


15-70 


— 


.90 


0.512 


15-54 


— 


-37 


0.486 


16.50 


— .10 


0.500 


15.10 


- .24 


23 


0.47s 


1445 


"^ 


.10 


0.503 


14.80 


^■^ 


• 10 


0.536 


15-17 


^^ 


•17 


0.509 


15.60 


- ^95 


0.523 


14.86 


— .06 
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Ptft 


Phaie 


• 

M.gii. 


A 


Phaie 


Macn. 


A 


PhaM 


lOfB. 


A 


Phase 


MagB. 


A 


Phaaa 


BCagn. 


A 




No. 38 


No. 39 


No. 40 


No. 41 


No. 42 




d. 






d. 








d. 






d. 








d^ 






o 


0.000 


14.80 


+ .OI 


0.000 


14.60 


+ . 


13 


0.000 


14.70 


+ .03 


0.000 


15.00 


+ . 


.00 


0.000 


14.20 


+ .091 


I 


0.023 


14.81 


+ . 


13 


0.024 


14.73 


+ . 


24 


0.023 


14.73 


+ . 


.06 


0.020 


15.00 


+ . 


.02 


0.025 


14.29 


+ . 


.19 


2 


0.047 


14.94 


+ . 


.19 


0.049 


14.97 


+ . 


25 


0.046 


14.79 


+ . 


.18 


0.040 


15.02 


+ . 


•07 


0.049 


14.48 


+ . 


•25 


3 


0.070 


15-13 


+ . 


23 


0.073 


15.22 


+ . 


.26 


0.069 


14.97 


+ - 


.24 


0.061 


15.09 


+ . 


•13 


0.074 


14.73 


+ . 


•25 


4 


0.094 


15-36 


+ . 


.24 


0.098 


15.48 


+ . 


.26 


0.092 


15.21 


+ . 


.27 


0.081 


15.22 


+ . 


.70 


0.098 


14.98 


+ . 


24 


S 


O.II7 


15-60 


+ . 


•30 


0.122 


15-74 


+ . 


.24 


O.II5 


15.48 


+ . 


•33 


O.IOI 


15.92 


+ 


.28 


0.123 


15.22 


+ . 


,22 


6 


0.140 


15.90 


+ . 


.29 


0.147 


15.98 


+ . 


,20 


0.138 


15.81 


+ . 


•34 


O.I2I 


16.20 


+ 


.14 


0.148 


15.44 


+ . 


.19 


7 


0.164 


16.19 


+ . 


23 


O.171 


16.18 


+ . 


.14 


O.161 


16.15 


+ . 


•23 


0.142 


16.34 


+ 


.06 


0.172 


15.63 


+ . 


14 


8 


0.187 


16.42 


+ . 


,16 


0.196 


16.32 


+ . 


.11 


0.184 


16.38 


+ . 


•15 


0.162 


16.40 


+ . 


.06 


0.197 


15.77 


+ . 


14 


9 


0.210 


16.58 


+ . 


.09 


0.220 


16.43 


+ . 


.07 


0.207 


16.53 


+ . 


.11 


0.182 


16.46 


+ . 


•OS 


0.221 


15.91 


+ . 


.11 


lO 


0.234 


16.67 


+ 


.06 


0.24S 


16.50 


+ . 


.08 


0.230 


16.64 


+ . 


.08 


0.202 


16^51 


+ . 


.06 


0.246 


16.02 


+ . 


,12 


II 


0.257 


16.73 


+ 


.04 


0.269 


16.58 


+ . 


.06 


0.253 


16.72 


+ . 


.02 


0.223 


16.57 


+ . 


•03 


0.271 


16.14 


+ . 


.10 


12 


0.280 


16.77 


+ . 


.02 


0.294 


16.64 


+ . 


.04 


0.276 


16.74 


+ . 


•03 


0.243 


16.60 


+ . 


.04 


0.295 


16.24 


+ . 


.10 


13 


0.304 


16.79 


+ . 


.01 


0.318 


16.68 


+ - 


.02 


0.299 


16.77 


+ . 


.02 


0.263 


16.64 


+ 


■OS 


0.320 


16.34 


+ . 


.08 


U 


0.327 


16.80 


+ 


.02 


0.342 


16.70 


+ . 


.01 


0.322 


16.79 


+ . 


•03 


0.283 


16.69 


+ 


■03 


0.344 


16.42 


+ • 


.08 


IS 


0.351 


16.82 


+ 


.01 


0.367 


16.71 


+ . 


.02 


0.345 


16.82 


+ . 


.01 


0.304 


16.72 


+ 


.01 


0.369 


16.50 


+ . 


.07 


i6 


0.374 


16.83 




.00 


0.391 


16.73 




>oo 


0.368 


16.83 




.00 


0.324 


16.73 


+ 


.02 


0.393 


16.57 


+ . 


•03 


17 


0.397 


16.83 




.00 


0.416 


16.73 




>oo 


0.391 


16.83 




.00 


0.344 


16.7s 


— 


.01 


0.418 


16.60 


+ 


.01 


i8 


0.421 


16.83 




.00 


0.440 


16.73 




.00 


0.414 


16.83 




.00 


0.364 


16.74 


— . 


.02 


0.443 


16.61 


+ • 


.02 


19 


0.444 


16.83 


— 


.01 


0.465 


16.73 


— . 


.02 


0.437 


16.83 




.00 


0.384 


1^.72 


— , 


•17 


0.467 


16.63 


+ . 


.01 


20 


0.467 


16.82 


— 


•03 


0.489 


16.71 


— . 


13 


0.460 


16.83 


— . 


.06 


0.405 


16.55 


— 


.64 


0.492 


16.64 


— 


.01 


21 


0.491 


16.79 


— I 


•49 


0.514 


16.58 


— , 


.98 


0.483 


16.77 


— 


•39 


0.425 


15.91 


— 


•SI 


0.516 


16.63 


— I. 


.16 


22 


0.514 


15-30 


— 


47 


0.538 


15.60 


— , 


.66 


0.506 


16.38 


— I 


•30 


0.445 


15.40 


— . 


.28 


0.541 


15.47 


— I. 


.01 


23 


0.538 


14.83 


•— 


•03 


0.563 


14.94 


"~" 


•34 


0.529 


15.08 


~~ 


•38 


0.465 


15.12 


"~* 


.12 


0.566 


14.46 


^~ 


.26 




No. 43 


No. 44 


No. 45 


No. 46 


No. 47 




d. 






d. 








d. 






d. 








d^ 






O 


0.000 


14.60 


+ .03 


0.000 


15.10 


— , 


33 


0.000 


14.80 


+ .21 


0.000 


15.40 


+ . 


.08 


0.000 


14.81 


+ .22 


I 


0.023 


14.63 


+ .07 


0.021 


14.77 


— , 


07 


0.022 


15.01 


+ .35 


0.026 


15.48 


+ . 


.16 


0.023 


15.03 


+ .22 


2 


0.045 


14.70 


+ .12 


0.042 


14.70 


+ . 


22 


0.045 


15.36 


+ .24 


0.051 


15.64 


+ 


.16 


0.045 


15.25 


+ .25 


3 


0.068 


14.82 


+ .26 


0.063 


14.92 


+ . 


29 


0.067 


15.60 


+ .32 


0.077 


15.80 


+ 


.19 


0.068 


15.50 


+ .23 


4 


0.090 


15-08 


+ .28 


0.084 


15.21 


+ . 


29 


0.089 


15.92 


+ .23 


0.102 


15.99 


+ . 


.18 


0.090 


15.73 


+ .25 


S 


O.II3 


15-36 


+ .27 


0.106 


15.50 


+ . 


27 


O.II2 


16.15 


+ .17 


0.128 


16.17 


+ . 


•15 


O.I 13 


15.98 


+ .19 


6 


0.13s 


15-63 


+ .19 


0.127 


15.77 


+ . 


25 


0.134 


16.32 


+ -IS 


0.153 


16.32 


+ . 


.12 


0.135 


16.17 


+ .15 


7 


0.158 


15-82 


+ .18 


0.148 


16.02 


+ . 


26 


0.157 


16.47 


+ .12 


0.179 


16.44 


+ . 


.06 


0.158 


16.32 


+ .18 


8 


0.180 


16.00 


+ .12 


0.169 


16.28 


+ . 


II 


0.179 


16.59 


+ .10 


0.204 


16.50 


+ 


.06 


0.180 


16.50 


+ .12 


9 


0.203 


16.12 


+ .11 


0.190 


16.39 


+ . 


09 


0.201 


16.69 


+ .07 


0.230 


16.56 


+ 


•05 


0.203 


16.62 


+ .09 


lO 


0.225 


16.23 


+ .09 


0.211 


16.48 


+ . 


09 


0.224 


16.76 


+ .04 


0.255 


16.61 


+ 


•03 


0.225 


16.71 


+ .08 


II 


0.248 


16.32 


+ .10 


0.232 


16.57 


+ . 


OS 


0.246 


16.80 


+ .04 


0.281 


16.64 


+ . 


.02 


0.248 


16.79 


+ .09 



MISCELLANEOUS RESULTS 



75 



Ptft 



PhaM 



Mi Hgn. 



Phase 



Macn. 



Phase 



Magn. 



Phase 



BfagB. 



Phase 



Macn. 



12 
13 

IS 

16 

17 
18 

19 

20 

21 
22 

23 



No. 43 



No. 44. 



No. 45 



d. 
0.270 

0.293 

0-338 
0.360 

0.383 
0.405 
0.428 

0.450 

0.473 

0.49s 
0.518 



16.42 
16.49 

16.61 

16.63 

16.64 
16.64 
16.64 

16.51 

iS-92 

15-14 
14.80 



+ .07 
+ .06 
+ .06 
+ .02 
+ .01 
.00 
.00 

- -13 

- -59 

- .78 

- -34 

- .20 



d. 
0.253 
0.274 

0.29s 

0.316 

0.338 

0.359 
0.380 

0.401 

0.422 

0.443 
0.464 

0.485 



16.62 
16.66 
16.67 
16.67 
16.68 
16.68 
16.68 
16.67 
16.63 
16.32 
15.68 

15-34 



+ .04 

+ .01 

.00 

+ .01 

.00 

.00 

— .01 

— .04 

- -31 

— .64 

- -34 

- .24 



d. 
0.268 

0.291 

0.313 
0.336 
0.358 
0.380 
0.403 

0.425 

0.447 
0.470 

0.492 
0.515 



16.84 
16.86 
16.87 
16.88 
16.89 
16.90 
16.90 
16.90 
16.89 
16.85 
15.83 
14.99 



+ .02 
+ .01 
+ .01 
+ .01 
+ .01 
.00 
.00 

— .01 

— .04 

— 1.02 

— .84 

— .19 



No. 46 



No. 47 



d. 
0.306 

0.332 

0.357 

0.383 
0.408 

0.434 

0.4S9 
0.485 

0.510 

0.536 
0.561 
0.587 



16.66 
i6.6> 
16.69 
16.70 
16.70 
16.70 
16.69 
16.68 
16.65 

16.57 
16.13 

15-65 



+ .01 

+ .02 

+ .01 

.00 

.00 

- .01 

- .01 

- .03 

- .08 

- .44 

- .48 

- -25 



d. 
0.270 

0.293 

0.316 

0.338 
0.361 

0.383 
0.406 

0.428 

0.451 

0.473 
0.496 

0.518 



16.88 

16.92 

16.93 

16.92 

16.82 

16.68 

16.40 

16.10 

15-72 

15-30 

14.95 
14.78 



+ .04 

+ .01 

- .01 

- .10 

- .14 

- .28 

- -30 

- .38 

- .42 

- -35 

- -17 
+ .03 



No. 48 



No. 49 



No. 50 



No. 51 



No. 52 



o 
I 
2 

3 
4 

5 
6 

7 
8 

9 
10 

II 

12 

13 
14 

15 
16 

17 
18 

19 
20 

21 

22 

23 



d. 
0.000 

0.026 

0.052 

0.078 

0.105 

O.I3I 

0.157 
0.183 

0.209 

0.235 
0.262 

0.288 

0.314 

0.340 

0.366 

0.392 

0.419 

0.44S 

0.471 

0.497 

0.523 

0.549 
0.576 

0.602 



500 
5.08 
5.26 

5-44 
5.66 

S-84 
5.98 
6.13 
6.24 

6.37 
6.44 

6.52 

6.57 
6.60 

6.61 

6.61 

6.60 

6.58 

6.52 

6.42 

6.21 

5-83 

5-49 
5-20 



+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 



.08 
.18 
.18 
.22 
.18 
.14 

•IS 
.11 

•13 
.07 

.08 

•05 

•03 
.01 

.00 

.01 

.02 

.06 

.10 

.21 

-38 

•34 
.29 

.20 



d. 
0.000 

0.023 

0.046 

0.069 

0.091 

O.II4 

0.137 
0.160 

0.183 

0.206 

0.228 

0.251 

0.274 

0.297 

0.320 

0.343 

0.36s 
0.388 

0.41 1 
0.434 

0.457 
0.480 

0.502 
0.525 



4.80 
4.89 
5.02 
S.18 
5.38 

5.58 
5.86 
6.23 
6.44 

6.53 
6.58 

6.63 

6.67 

6.68 
6.69 
6.72 

6.73 

6.75 
6.76 

6.76 

6.73 
6.05 

4.99 
4.77 



+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 



— I 



+ 



09 

13 
16 

20 

20 

28 

37 
21 

09 
05 
05 
04 
01 

01 

03 
01 

02 

01 

00 

03 
68 

06 

22 

03 



d. 
0.000 

0.021 

0.043 

0.064 

0.086 

0.107 

0.128 

0.150 

0.171 

0.192 

0.214 

0.235 
0.257 
0.278 
0.299 
0.321 
0.342 
0.363 

0.385 
0.406 

0.428 

0.449 

0.470 

0.492 



4.70 

4.73 
4.82 

4.97 
5.12 

5-34 
5-68 

6.04 

6.33 
6.60 

6.69 

6.73 

6.7s 
6.76 

6.76 

6.76 

6.76 

6.76 

6.76 

6.76 

6.76 

6.7s 
6.50 

4.77 



+ .03 
+ .09 

+ .15 

+ -15 
+ .22 

+ .34 

+ .36 

+ .29 

+ .27 

+ .09 

+ .04 
+ .02 

+ .01 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

- .01 

- -25 

-1-73 

- .07 



d. 
0.000 

0.024 

0.049 

0.073 

0.097 

0.122 

0.146 

0.170 

0.195 

0.219 

0.243 

0.268 

0.292 

0.316 

0.341 

0.365 
0.389 

0.414 
0.438 
0.462 
0.487 
O.5II 

0.535 
0.560 



5-03 
5.00 

5.10 

528 

5-51 

5-79 
6.04 

6.23 

6.43 
6.56 

6.67 

6.71 

6.71 

6.70 

6.70 

6.70 

6.70 

6.70 

6.69 

6.63 

6.53 

6.33 
6.04 

5-46 



— .03 
+ .10 
+ .18 

+ .23 
+ .28 

+ .25 

+ .19 
+ .20 

+ -13 
+ .11 

+ .04 
.00 

— .01 
.00 
.00 
.00 
.00 

— .01 

— .06 

— .10 

— .20 

— .29 

— .58 

— .43 



d. 
0.000 

0.022 

0.043 

0.065 

0.086 

0.108 

0.129 

0.151 

0.172 

0.194 

0.215 

0.237 

0.258 

0.280 

0.301 

0.323 
0.344 
0.366 

0.387 
0.409 

0.430 
0.452 
0.473 
0.495 



14.51 

14.53 
14.67 

14.86 
15.18 
15.49 

15.75 
15.98 

16.17 

16.29 

16.37 
16.40 

16.42 

16.43 
16.44 

16.45 
16.46 

16.46 

16.47 

16.47 

16.47 
16.46 

16.04 
15-32 



+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 



.02 

14 

19 
•32 

•31 
.26 

23 

19 
12 

.08 

•03 
.02 

.01 

.01 

.01 

.01 

.00 

.01 

.00 

.00 

.01 

.42 

72 
.81 



76 



ANNALS OF HAS.VASD COLLEGE OBSERVATORY 



Ptft 


PhaM 


Bfagn. 


A 


Phaie 


Macn. 


A 


PhaM 




A 


Phase 


Bfagn. 


A 


Phase 


MagB. 


A 




No. S3 


No. 54 


No. 55 


No. 56 


No. 57 




d. 






d. 






d^ 








d. 








d. 






o 


o.ooo 


14.33 


+ .15 


0.000 


14.40 


+ .16 


0.000 


14.50 


+ . 


10 


0.000 


14.90 


+ . 


03 


0.000 


14.64 


+ .07 


I 


0.02I 


14.48 


+ .30 


0.021 


14.56 


+ .23 


0.022 


14.60 


+ . 


14 


0.021 


14.93 


+ . 


II 


0.021 


14.71 


+ .16 


2 


0.042 


14.78 


+ .31 


0.042 


14.79 


+ .26 


0.044 


14.74 


+ . 


i6 


0.041 


15.04 


+ . 


14 


0.043 


14.87 


+ .20 


3 


0.063 


15.09 


+ .40 


0.063 


15-05 


+ .26 


0.066 


14.90 


+ . 


IS 


0.062 


15.18 


+ . 


15 


0.064 


15.07 


+ .22 


4 


0.084 


15-49 


+ -33 


0.084 


15-31 


+ .27 


0.088 


15.05 


+ . 


17 


0.083 


15.33 


+ . 


IS 


0.086 


15.29 


+ .24 


S 


0.105 


15.82 


+ .19 


0.104 


15-58 


+ .23 


O.III 


15.22 


+ . 


IS 


0.103 


15.48 


+ . 


12 


0.107 


15.53 


+ .27 


6 


0.126 


16.01 


+ .14 


0.125 


iS-8i 


+ .19 


0.133 


15.37 


+ . 


13 


0.124 


15.60 


+ . 


.12 


0.128 


15.80 


+ .28 


7 


0.147 


16.15 


+ .10 


0.146 


16.00 


+ .15 


0.155 


15.50 


+ . 


,14 


0.144 


15.72 


+ • 


.10 


0.150 


16.08 


+ .20 


8 


0.168 


16.25 


+ .09 


0.167 


16.15 


+ .12 


0.177 


15.64 


+ . 


•13 


0.165 


15.82 


+ . 


.10 


O.I7I 


16.28 


+ .14 


9 


0.189 


16.34 


+ .06 


0.188 


16.27 


+ .08 


0.199 


15.77 


+ . 


,14 


0.186 


15.92 


+ . 


09 


0.192 


16.42 


+ .10 


lO 


0.210 


16.40 


+ .06 


0.209 


16.35 


+ .06 


0.221 


15.91 


+ . 


,16 


0.206 


16.01 


+ . 


.06 


0.214 


16.52 


+ .07 


II 


0.231 


16.46 


+ .05 


0.230 


16.41 


+ .03 


0.243 


16.07 


+ . 


■13 


0.227 


16.07 


+ . 


07 


0.235 


16.59 


+ .05 


12 


0.252 


16.51 


+ .03 


0.251 


16.44 


+ .02 


0.265 


16.20 


+ . 


13 


0.248 


16.14 


+ . 


.07 


0.257 


16.64 


+ .04 


13 


0.274 


16.54 


+ .03 


0.272 


16.46 


+ .01 


0.287 


16.33 


+ 


•IS 


0.268 


16.21 


+ . 


.06 


0.278 


16.68 


+ .03 


14 


0.295 


16.57 


+ .01 


0.293 


16.47 


+ .01 


0.309 


16.48 


+ 


.12 


0.289 


16.27 


+ . 


OS 


0.299 


16.71 


+ .01 


IS 


0.316 


16.58 


+ .01 


0.313 


16.48 


+ .01 


0.332 


16.60 


+ 


.08 


0.310 


16.32 


+ . 


.04 


0.321 


16.72 


.00 


i6 


0.337 


16.59 


.00 


0.334 


16.49 


+ .01 


0.354 


16.68 


+ 


.05 


0.330 


16.36 


+ 


.02 


0.342 


16.72 


+ .01 


17 


0.358 


16.59 


+ .01 


0.35s 


16.50 


.00 


0.376 


16.73 


+ 


•03 


0.351 


16.38 


— 


.09 


0.363 


16.73 


+ .01 


i8 


0.379 


16.60 


— .01 


0.376 


16.50 


.00 


0.398 


16.76 


+ 


.01 


0.372 


16.29 


— 


.21 


0.38s 


16.74 


.00 


19 


0.400 


16.59 


— .01 


0.397 


16.50 


.00 


0.420 


16.77 




.00 


0.392 


16.08 


— 


.28 


0.406 


16.74 


— .01 


20 


0.421 


16.58 


— .01 


0.418 


16.50 


— .01 


0.442 


16.77 




.00 


0.413 


15.80 


— 


•30 


0.428 


16.73 


— .01 


21 


0.442 


16.57 


— .02 


0.439 


16.49 


-0.59 


0.464 


16.77 


— 


.02 


0.433 


15.50 


— 


.29 


0.449 


16.72 


- .88 


22 


0.463 


16.55 


-1-37 


0.460 


15.90 


-1.28 


0.486 


16.75 


— 


.83 


0.454 


15.21 


— 


.20 


0.470 


15.84 


- .84 


23 


0.484 


15.18 


- .85 


0.481 


14.62 


— .22 


0.508 


15.92 


— 1 


.42 


0.475 


15.01 


"^ 


.11 


0.492 


1500 - .361 




No. 58 


No. 59 


No. 60 


No. 61 


No. 62 




4f. 






d. 






d. 








d. 








d. 






O 


0.000 


14.60 


+ .02 


0.000 


14.86 


+ .10 


0.000 


15.00 


+ 


.12 


0.000 


14.74 


+ 


.04 


0.000 


15.24 


+ .04 


I 


0.022 


14.62 


-|- .10 


0.025 


14.96 


+ .17 


0.029 


15.12 


+ 


.17 


0.022 


14.78 


+ 


.11 


0.027 


15.28 


+ .12 


2 


0.043 


14.72 


+ .11 


0.049 


1S-13 


+ .24 


0.059 


15.29 


+ 


.20 


0.043 


14.89 


+ 


.24 


0.054 


15.40 


+ -19 


3 


0.065 


14.83 


+ .14 


0.074 


15.37 


+ .24 


0.089 


15.49 


+ 


.19 


0.065 


15.13 


+ 


.30 


0.082 


15.59 


+ .26 


4 


0.086 


14.97 


+ .15 


0.098 


15.61 


+ .22 


O.I18 


15.68 


+ 


.18 


0.087 


15.43 


+ 


.37 


0.109 


15.85 


+ .28 


S 


0.108 


15-12 


+ .19 


0.123 


15.83 


+ .18 


0.147 


15.86 


+ 


.16 


0.109 


15.80 


+ 


-23 


0.136 


16.13 


+ .19 


6 


0.129 


15-31 


+ .21 


0.147 


16.01 


+ .18 


0.177 


16.02 


+ 


.11 


0.130 


16.03 


+ 


.19 


0.163 


16.32 


+ .09 


7 


0.I5I 


15-52 


+ .20 


0.172 


16.19 


+ .15 


0.206 


16.13 


+ 


.08 


0.152 


16.22 


+ 


.12 


0.190 


16.41 


+ .06 


8 


0.172 


15-72 


+ .20 


0.196 


16.34 


+ .15 


0.236 


16.21 


+ 


.07 


0.174 


16.34 


+ 


.14 


0.217 


16.47 


+ .01 


9 


0.194 


15-92 


+ .19 


0.221 


16.49 


+ .09 


0.265 


16.28 


+ 


.06 


0.195 


16.48 


+ 


.08 


0.245 


16.48 


+ .03 


lO 


0.215 


16.11 


+ .11 


0.245 


16.58 


+ .06 


0.295 


16.34 


+ 


.06 


0.217 


16.56 


+ 


.06 


0.272 


16.51 


+ .01 


II 


0.237 


16.22 


+ .09 


0.270 


16.64 


+ .04 


0.324 


16.40 


+ 


.07 


0.239 


16.62 


+ 


.02 


0.299 


16.52 


+ .02 



laSCELLANEOnS RESULTS 
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Ptft 


Phue 


Mmgn. 


. A 


Phase 


Mmgn. 


A 


PlMM 


Mmgn. 


A 


Phase 




A 


Phase 


Magn. 


A 




No. 58 


No. 59 


No. 60 


No. 61 


No. 62 


12 


d. 
0.258 


16.31 


+ . 


03 


d. 
0.294 


16.68 


+ .04 


d. 

0.354 


16.47 


+ .04 


d. 
0.260 


16.64 


+ .oi 


d. 
0.326 


16.54 


+ .02 


13 


0.280 


16.34 


+ . 


02 


0.319 


16.72 


+ .01 


0.383 


16.51 


+ .04 


0.282 


16.65 


.00 


0.353 


16.56 


-|- .01 


14 


0.301 


16.36 


+ . 


01 


0.343 


16.73 


+ .01 


0.413 


16.55 


+ .05 


0.304 


16.65 


+ .01 


0.381 


16.57 


.00 


IS 


0.323 


16.37 


— , 


03 


0.368 


16.74 


+ .02 


0.442 


16.60 


+ .04 


0.326 


16.66 


.00 


0.408 


16.57 


+ .01 


16 


0.344 


16.34 


— , 


06 


0.393 


16.76 


+ .01 


0.472 


16.64 


+ .04 


0.347 


16.66 


.00 


0.43 s 


16.58 


+ .01 


17 


0.366 


16.28 


— . 


27 


0.417 


16.77 


.00 


0.501 


16.68 


+ .04 


0.369 


16.66 


.00 


0.462 


16.59 


— .01 


18 


0.387 


16.01 


— . 


47 


0.442 


16.77 


.00 


0.531 


16.72 


+ .02 


0.391 


16.66 


.00 


0.489 


16.58 


— .10 


19 


0.409 


IS-S4 


— . 


32 


0.466 


16.77 


— .01 


0.560 


16.74 


-|- .02 


0.412 


16.66 


— .02 


0.516 


16.48 


- .66 


20 


0.430 


15.22 


— . 


24 


0.491 


16.76 


— .02 


0.590 


16.76 


- .14 


0.434 


16.64 


— .11 


0.544 


15.82 


- .35 


21 


0.452 


14.98 


— , 


19 


O.5IS 


16.74 


- .27 


0.619 


16.62 


- ;76 


0.456 


16.53 


-1-45 


0.571 


15.47 


- .13 


22 


0.473 


14.79 


— , 


13 


0.540 


16.47 


-IIS 


0.649 


15.86 


- .59 


0.478 


15.08 


- .26 


0.598 


15.34 


- .07 


23 


0.49S 


14.66 


^~ , 


06 


0.564 


15-32 


- .46 


0.678 


15.27 


- .27 


0.499 


14.82 


- .08 


0.625 


15.27 


- .03 




No. 63 


No. 64 


No. 65 


No. 66 


No. 67 




d. 








d. 






d. 






d. 






d. 









0.000 


14.70 


+ . 


.28 


0.000 


15.00 


+ .04 


0.000 


14.49 


+ .17 


0.000 


15.01 


+ .13 


0.000 


14.52 


+ .06 


I 


0.024 


14.98 


+ ■ 


.28 


0.025 


15.04 


+ . 


.27 


0.028 


14.66 


+ . 


22 


0.026 


15.14 


+ . 


.16 


0.024 


14.58 


+ .15 


2 


0.048 


15.26 


+ . 


24 


0.050 


IS.3I 


+ . 


•30 


0.056 


14.88 


+ . 


31 


0.052 


15.30 


+ . 


17 


0.047 


14.73 


+ .43 


3 


0.071 


iSSo 


+ ■ 


.18 


0.076 


15.61 


+ . 


23 


0.084 


15.19 


+ , 


25 


0.078 


15.47 


+ . 


,20 


0.071 


15.16 


+ .46 


4 


0.095 


15.68 


+ . 


,20 


O.IOI 


15.84 


+ . 


19 


O.III 


15.44 


+ . 


.18 


0.103 


15.67 


+ . 


.18 


0.095 


15.62 


+ .29 


S 


0.II9 


15.88 


+ . 


,20 


0.126 


16.03 


+ . 


.16 


0.139 


15.62 


+ . 


.14 


0.129 


15.85 


+ . 


.21 


O.I18 


15.91 


+ .22 


6 


0.143 


16.08 


+ . 


•IS 


O.I5I 


16.19 


+ . 


.12 


0.167 


15.76 


+ . 


.12 


0.155 


16.06 


+ . 


13 


0.142 


16.13 


+ .15 


7 


0.166 


16.23 


+ . 


IS 


0.177 


16.31 


+ . 


.08 


0.195 


15.88 


+ . 


.11 


O.181 


16.19 


+ . 


.07 


0.166 


16.28 


+ .11 


8 


0.190 


16.38 


+ . 


08 


0.202 


16.39 


+ . 


.07 


0.223 


15.99 


+ « 


.10 


0.207 


16.26 


+ . 


.06 


0.189 


16.39 


+ .OQ 


9 


0.214 


16.46 


+ . 


06 


0.227 


16.46 


+ . 


.06 


0.251 


16.09 


+ . 


08 


0.233 


16.32 


+ . 


04 


0.213 


16.48 


+ .09 


10 


0.238 


16.52 


+ . 


05 


0.252 


16.52 


+ . 


05 


0.278 


16.17 


+ . 


.09 


0.258 


16.36 


+ . 


04 


0.237 


16.57 


+ .05 


II 


0.261 


16.57 


+ . 


02 


0.278 


16.57 


+ . 


03 


0.306 


16.26 


+ . 


.08 


0.284 


16.40 


+ . 


.02 


0.261 


16.62 


+ .03 


12 


0.285 


16.59 


+-. 


.01 


0.303 


16.60 


+ « 


,02 


0.334 


16.34 


+ . 


.08 


0.310 


16.42 


+ . 


.01 


0.284 


16.65 


+ .03 


13 


0.309 


16.60 


+ . 


01 


0.328 


16.62 


+ . 


,01 


0.362 


16.42 


+ . 


05 


0.336 


16.43 


+ . 


.01 


0.308 


16.68 


+ .02 


14 


0.333 


16.61 


+ . 


01 


0.3S3 


16.63 




.00 


0.390 


16.47 


+ . 


.04 


0.362 


16.44 


+ . 


.01 


0.332 


16.70 


.00 


IS 


0.3S7 


16.62 




,00 


0.378 


16.63 




00 


0.418 


16.51 


+ . 


.04 


0.388 


16.45 


+ . 


.01 


0.355 


16.70 


.00 


16 


0.380 


16.62 




.00 


0.404 


16.63 


+ . 


,01 


0.446 


16.55 


+ . 


.02 


0.414 


16.46 




.00 


0.379 


16.70 


.00 


17 


0.404 


16.62 




.00 


0.429 


16.64 


— 


.02 


0.473 


16.57 


+ . 


.02 


0.440 


16.46 


— , 


.01 


0.403 


16.70 


.00 


18 


0.428 


16.62 




.00 


0.4S4 


16.62 


— 


•03 


0.501 


16.59 


+ 


.01 


0.465 


16.45 


— , 


-03 


0.426 


16.70 


— .01 


19 


0.452 


16.62 




,00 


0.479 


16.59 


— , 


.11 


0.529 


16.60 




.00 


0.491 


16.42 


— , 


•05 


0.450 


16.69 


— .01 


20 


0.47s 


16.62 




.00 


0.505 


16.48 


— 


.21 


0.557 


16.60 


— _ , 


.01 


0.517 


16.37 


— , 


.18 


0.474 


16.68 


" .07 


21 


0.499 


16.62 


— , 


•S7 


0.530 


16.27 


— 


.46 


0.585 


16.59 


— , 


.18 


0.543 


16.19 


— 


•50 


0.497 


16.61 


— .69 


22 


0.S23 


16.05 


— , 


•97 


o.SSS 


15.81 


— , 


•54 


0.613 


16.41 


— I 


•51 


0.569 


15.69 


— 


•50 


0.521 


15.92 


-I.31 


23 |o.S47 


15.08 


~~ 


•38 


0.580 


15.27 


^^ 


.27 


0.641 


14.90 


mm^ 


.41 


0.594 


1519 


^^ 


.18 


0.545 


14.61 


— .09 
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ANNALS OF HAKVASD COLLEGE OBSERVATORY 



Part 


PhaM 


Mmgn. 


A 


Phase 


Magn. 


A 


Phase 


Magn. 


A 


Phase 


Magn. 


A 


Phase 




A 




No. 68 


No. 69 


No. 71 


No. 72 


No. 74 




d. 








d. 






d. 








d. 






d. 






O 


o.ooo 


15-00 


— 


.07 


0.000 


14.99 


+ .03 


0.000 


14.91 


+ 


.21 


0.000 


14.40 


+ .08 


0.000 


1473 


+ .09 


I 


0.022 


14.93 


— 


.04 


0.024 


15-02 


+ .07 


0.023 


15.12 


+ 


-29 


0.019 


14.48 


+ .18 


0.021 


14.83 


+ .17 


2 


0.043 


14.89 




.00 


0.047 


15.09 


+ .13 


0.046 


15-41 


+ 


-31 


0.038 


14.66 


+ .23 


0.041 


14.99 


+ .29 


3 


0.065 


14.89 


+ 


.10 


0.071 


15-22 


+ .12 


0.069 


15-72 


+ 


.27 


0.057 


14.89 


+ .32 


0.062 


15-28 


+ .28 


4 


0.086 


14.99 


+ 


.20 


0.094 


15-34 


+ .19 


0.092 


15-99 


+ 


-17 


0.076 


15-21 


+ .40 


0.082 


1556 


+ •34 


S 


0.108 


15-19 


+ 


.22 


O.I18 


15-53 


+ .29 


O.II4 


16.16 


+ 


•15 


0.095 


15.61 


+ .38 


0.103 


15.90 


+ .28 


6 


0.130 


15-41 


+ 


.27 


0.142 


15.82 


+ .28 


0.137 


16.31 


+ 


.11 


O.II4 


15-99 


+ .30 


0.123 


16.18 


H- .22 


7 


0.151 


15.68 


+ 


.21 


0.165 


16.10 


+ .24 


0.160 


16.42 


+ 


.08 


0.133 


16.29 


+ .21 


0.144 


16.40 


+ IS 


8 


0.173 


15.89 


+ 


.13 


0.189 


16.34 


+ .17 


0.183 


16.50 


+ 


.04 


0.152 


16.50 


+ .14 


0.164 


16.55 


+ .11 


9 


0.195 


16.02 


+ 


.09 


0.212 


16.51 


+ .07 


0.206 


16.54 


+ 


.04 


O.I7I 


16.64 


+ .08 


0.185 


16.66 


+ .07 


lO 


0.216 


16.II 


+ 


•03 


0.236 


16.58 


+ .03 


0.229 


16.58 


+ 


-03 


0.190 


16.72 


+ .06 


0.205 


1673 


+ .04 


II 


0.238 


16.14 


+ 


.02 


0.260 


16.61 


+ .02 


0.252 


16.61 


+ 


-03 


0.209 


16.78 


+ .03 


0.226 


16.77 


+ .01 


12 


0.259 


16.16 


+ 


.02 


0.283 


16.63 


+ .02 


0.275 


16.64 


+ 


.02 


0.228 


16.81 


+ .02 


0.246 


16.78 


.00 


13 


0.281 


16.18 


+ 


.01 


0.307 


16.65 


+ ,01 


0.298 


16.66 


+ 


.01 


0.247 


16.83 


+ .03 


0.267 


16.78 


.00 


14 


0.303 


16.19 




.00 


0.330 


16.66 


.00 


0.320 


16.67 




.00 


0.266 


16.86 


+ .01 


0.287 


16.78 


.00 


IS 


0.324 


16.19 


+ 


-01 


0.354 


16.66 


+ .01 


0.343 


16.67 




.00 


0.285 


16.87 


+ .02 


0.308 


16.78 


.00 


i6 


0.346 


16.20 




.00 


0.378 


16.67 


— .01 


0.366 


16.67 


— 


.01 


0.304 


16.89 


+ .01 


0.328 


16.78 


+ .01 


I? 


0.368 


16.20 


+ 


.01 


0.401 


16.66 


.00 


0.389 


16.66 


— 


.02 


0.323 


16.90 


.00 


0.349 


16.79 


.00 


i8 


0.389 


16.21 




.00 


0.425 


16.66 


— .04 


0.412 


16.64 


— 


.02 


0.342 


16.90 


.00 


0.369 


16.79 


.00 


19 


0.41 1 


16.21 


— 


.02 


0.448 


16.62 


— .22 


0.435 


16.62 


^~ 


.14 


0.361 


16.90 


.00 


0.390 


16.79 


.00 


20 


0.432 


16.19 


— 


.08 


0.472 


16.40 


- -52 


0.458 


16.48 


— 


-58 


0.380 


16.90 


— .02 


0.410 


16.79 


— .02 


21 


0.4S4 


16.II 


— 


.27 


0.496 


15-88 


- .56 


0.481 


15.90 


— 


•55 


0.399 


16.88 


--I.48 


0.431 


16.77 


- 15 


22 


0.476 


15.84 


— 


.76 


0.519 


15-32 


- .25 


0.503 


15-35 


— 


•31 


0.418 


15-40 


- .81 


0.451 


16.62 


-1.78 


23 


0.497 


15-08 


^■^ 


.08 


0.543 


15-07 


- .08 


0.526 


15-04- 


"~~ 


•13 


0.437 


14-59 


- .19 


0.472 


14.84 


— .11 




No. 76 


No. 77 


No. 78 


No. 79 


No. 80 




d. 








d. 






d. 








d. 






d. 






O 


0.000 


14.24 


+ 


.12 


0.000 


14.60 


+ .04 


0.000 


14.43 


+ 


.20 


0.000 


14.70 


+ .10 


0.000 


14.74 


+ .04 


I 


0.021 


14.36 


+ 


.24 


0.019 


14.64 


+ .12 


0.026 


14.63 


+ 


-27 


0.020 


14.80 


+ .18 


0.022 


14.78 


+ .10 


2 


0.042 


14.60 


+ 


•32 


0.038 


14.76 


+ .16 


0.051 


14.90 


+ 


•33 


0.040 


14.98 


+ .20 


0.045 


14.88 


+ .14 


3 


0.063 


14.92 


+ 


•32 


0.057 


14.92 


+ .24 


0.076 


15-23 


+ 


-42 


0.060 


15.18 


+ .20 


0.067 


15.02 


+ .18 


4 


0.084 


15-24 


+ 


.28 


0.077 


15.16 


+ .25 


0.102 


15-65 


+ 


.28 


0.081 


15.38 


+ -15 


0.090 


15-20 


+ .21 


S 


0.105 


15-52 


+ 


•23 


0.096 


15-41 


+ -33 


0.128 


15-93 


+ 


.19 


O.IOI 


15-53 


+ .17 


O.II2 


1S-41 


+ .19 


6 


0.125 


15-75 


+ 


.19 


O.II5 


15-74 


+ .27 


0.153 


16.12 


+ 


.16 


O.I2I 


15-70 


+ ^13 


0.13s 


15.60 


+ .20 


7 


0.146 


1594 


+ 


•17 


0.134 


16.01 


+ .25 


0.180 


16.28 


+ 


-09 


O.I4I 


15-83 


+ •IS 


0.157 


15.80 


+ .23 


8 


0.167 


16.11 


+ 


-13 


0.153 


16.26 


+ .17 


0.204 


16.37 


+ 


.06 


O.161 


15.98 


+ .13 


0.180 


16.03 


+ .19 


9 


0.188 


16.24 


+ 


.12 


0.172 


16.43 


+ .16 


0.230 


16.43 


+ 


•03 


O.181 


16.II 


+ .13 


0.202 


16.22 


+ .17 


lO 


0.209 


16.36 


+ 


•13 


O.I9I 


16.59 


+ .13 


0.25s 


16.46 


+ 


.02 


0.202 


16.24 


+ -09 


0.225 


16.39 


+ .11 


II 


0.230 


16.49 


+ 


.08 


0.2II 


16.72 


+ .07 


0.282 


16.48 


+ 


.00 


0.222 


16.33 


+ .10 


0.247 


16.50 


+ .08 



mSCELLANEOlTS RESULTS 
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Put 


PhMe 


BfacB. 


A 


Phase 


MacB. 


A 


Phaae 


Magn. 


A 


Phaae 


Macn. 


A 


Phase 


Magn. 


A 




No. 76 


No. 77 


No. 78 


No. 79 


No. 80 




d. 






d. 






d. 






d. 






d. 






12 


0.251 


16.57 


+ .09 


0.230 


16.79 


+ .05 


0.306 


16.48 


+ .01 


0.242 


16.43 


+ .09 


0.269 


16.58 


+ .07 


13 


0.272 


16.66 


+ .05 


0.249 


16.84 


+ .04 


0.332 


16.49 


+ .01 


0.262 


16.52 


+ -09 


0.292 


16.65 


+ .04 


14 


.0.293 


16.71 


+ .02 


0.268 


16.88 


+ .03 


0.357 


16.50 


+ .01 


0.282 


16.61 


+ .06 


0.3 1 5 


16.69 


.00 


IS 


0.314 


16.73 


+ .02 


0.287 


16.91 


.00 


0.384 


16.51 


+ .01 


0.302 


16.67 


+ .01 


0.337 


16.69 


-|- .01 


16 


0.334 


16.7s 


.00 


0.306 


16.91 


.00 


0.408 


16.52 


+ .00 


0.323 


16.68 


.00 


0.360 


16.70 


.00 


17 


0.3SS 


16.75 


+ .01 


0.325 


16.91 


.00 


0.434 


16.52 


.00 


0.343 


16.68 


— .01 


0.382 


16.70 


— .01 


18 


0.376 


16.76 


.00 


0.34s 


16.91 


— .02 


0.459 


16.52 


.00 


0.363 


16.67 


- .03 


0.405 


16.69 


— .01 


19 


0.397 


16.76 


+ .01 


0.364 


16.89 


- -13 


0.486 


16.52 


- .S2 


0.383 


16.64 


- .08 


0.427 


16.68 


— .04 


20 


0.418 


16.77 


— .01 


0.383 


16.76 


- .44 


0.510 


16.00 


- .70 


0.403 


16.56 


- -13 


0.450 


16.64 


— 1. 10 


21 


0.439 


16.76 


- -03 


0.402 


16.32 


- -74 


0.536 


IS-30 


- .44 


0.423 


16.43 


- -SI 


0.472 


15-54 


- .45 


22 


0.460 


16.73 


- -63 


0.421 


IS.S8 


- .68 


0.561 


14.86 


- .24 


0.444 


15.92 


- .98 


0.494 


15.09 


- .25 


23 


0.481 


16.10 


-1.86 


0.440 


14.90 


- .30 


0.586 


14.62 


- .19 


0.464 


14.94 


- .24 


0.517 


14.84 


— .10 




No. 81 


No. 82 


No. 83 


No. 84 


No. 86 




a. 






a. 






d. 






d. 




1 


d. 






p 


0.000 


14.76 


+ .02 


0.000 


14.89 


- .03 


0.000 


14.57 


- -03 


0.000 


14.82 


+ . 


12 


0.000 


15.04 


+ .03 


I 


0.022 


14.78 


+ .06 


0.022 


14.86 


+ .01 


0.021 


1454 


+ .03 


0.025 


14.94 


+ . 


45 


0.017 


15.07 


+ .03 


2 


0.044 


14.84 


+ -IS 


0.044 


14.87 


+ .05 


0.042 


I4S7 


+ .09 


0.050 


IS.39 


+ . 


•33 


0.03s 


15.10 


+ .05 


3 


0.066 


14.99 


+ .19 


0.066 


14.92 


+ .10 


0.063 


14.66 


+ .11 


0.074 


iS-72 


+ . 


21 


0.052 


15.15 


+ .04 


4 


0.088 


1518 


+ .24 


0.088 


15.02 


+ .IS 


0.084 


14-77 


+ .13 


0.099 


1S.93 


+ . 


16 


0.069 


15.19 


+ .07 


S 


0.1 10 


iS-42 


+ .29 


0.109 


1S17 


+ .25 


0.104 


• 

14.90 


+ .17 


O..I24 


16.09 


+ . 


09 


0.086 


15.26 


+ .08 


6 


0.132 


IS-7I 


+ .26 


0.13 1 


iS-42 


+ .48 


0.125 


IS-07 


+ .20 


0.149 


16.18 


+ . 


.09 


0.104 


1534 


+ .10 


7 


0.1 54 


iS-97 


+ .24 


0.153 


15.90 


+ .47 


0.146 


1S.27 


+ .23 


0.174 


16.27 


+ . 


.06 


O.I2I 


15.44 


+ .10 


8 


0.176 


16.21 


+ .16 


0.17s 


16.37 


+ .25 


0.167 


iS-So 


+ .26 


0.199 


16.33 


+ . 


.07 


0.138 


1554 


+ .15 


9 


0.198 


16.37 


+ .13 


0.197 


16.62 


+ .12 


0.188 


iS-76 


+ .24 


0.223 


16.40 


+ . 


.04 


O.ISS 


15.69 


+ .21 


10 


0.220 


16.50 


+ .09 


0.219 


16.74 


+ .06 


0.209 


16.00 


+ .24 


0.248 


16.44 


+ . 


.04 


0.172 


15.90 


+ .28 


II 


0.243 


16.59 


+ .07 


0.241 


16.80 


+ .03 


0.230 


16.24 


+ .27 


0.273 


16.48 


+ . 


.04 


0.190 


16.18 


+ .18 


12 


0.265 


16.66 


+ .04 


0.263 


16.83 


+ .03 


0.251 


16.51 


+ .21 


0.298 


16.52 


+ . 


.02 


0.207 


16.36 


+ .13 


13 


0.287 


16.70 


+ .03 


0.285 


16.86 


+ .01 


0.272 


16.72 


+ .07 


0.323 


16.54 


+ . 


.04 


0.224 


16.49 


+ .05 


14 


0.309 


16.73 


+ .03 


0.306 


16.87 


.00 


0.293 


16.79 


+ .03 


0.347 


16.58 


+ . 


.02 


0.242 


16.54 


+ .02 


IS 


0.331 


16.76 


+ .01 


0.328 


16.87 


+ .oi 


0.313 


16.82 


+ .02 


0.372 


16.60 




.00 


0.259 


16.56 


+ .02 


16 


0.3S3 


16.77 


— .01 


0.3S0 


16.88 


.00 


0.334 


16.84 


.00 


0.397 


16.60 




,00 


0.276 


16.58 


.00 


17 


0.37s 


16.76 


— .01 


0.372 


16.88 


.00 


0.3SS 


16.84 


.00 


0.422 


16.60 




.00 


0.293 


16.58 


.00 


18 


0.397 


16.75 


- -03 


0.394 


16.88 


— .01 


0.376 


16.84 


.00 


0.447 


16.60 




.00 


0.3 1 1 


16.58 


.00 


19 


0.419 


16.72 


- .08 


0.416 


16.87 


— .01 


0.397 


16.84 


— .01 


0.472 


16.60 


— 


.02 


0.328 


16.58 


— .01 


20 


0.441 


16.64 


- .14 


0.438 


16.86 


- .23 


0.418 


16.83 


- -OS 


0.496 


16.58 


— 


.18 


0.345 


16.57 


— .06 


21 


0.463 


16.50 


- .42 


0.460 


16.63 


— 1.24 


0.439 


16.78 


-1.82 


0.521 


16.40 


— 


.79 


0.362 


16.51 


— 1.09 


22 


0.485 


16.08 


-1.30 


0.481 


iS-39:' 


- .37 


0.460 


14.96 


- .27 


0.546 


15.61 


— 


•52 


0.380 


15.42 


- .32 


23 


0.507 


14.78 


— .02 


0.503 


XS-02. 


- .13 


0.481 


14.69 


— .12 


0.571 


1S09 


*^" 


.27 


0.397 


15.10 


- .06 



8o 



ANNALS OF HASVASD COLLEGE OBSERVATORY 



Part 


Phase 


lOfB. 


A 


Phaaa- 


Magn. 


A 


Phaaa 


lOf.. 


A 


Phase 


BfacB. 


A 


Phase 


MagB. 


A 




No. 88 


No. 89 


No. 90 


No. 91 


No. 92 




d. 








d. 






d. 






d. 






d. 






O 


O.OOO 


14.68 


+ 


.09 


0.000 


14.47 


+ .21 


0.000 


14.64 


+ .23 


0.000 


14.85 


+ .04 


0.000 


14.75 


+ osl 


I 


0.027 


14.77 


+ 


.27 


0.023 


14.68 


+ .27 


0.022 


14.87 


+ . 


•25 


0.022 


14.89 


+ . 


•13 


0.021 


14.80 


+ . 


,14 


2 


o.oss 


1504 


+ 


.22 


0.046 


14.95 


+ .26 


0.043 


1512 


+ . 


•25 


0.044 


15.02 


+ . 


.28 


0.042 


14.94 


+ . 


.16 


3 


0.082 


15-26 


+ 


.18 


0.069 


15.21 


+ .25 


0.065 


15-37 


+ . 


•23 


0.066 


15-30 


+ 


32 


0.063 


15.10 


+ . 


.21 


4 


0.109 


iS-44 


+ 


.18 


0.091 


15-46 


+ .20 


0.086 


15.60 


+ . 


.21 


0.088 


15.62 


+ 


.21 


0.084 


15-31 


+ . 


.»3 


S 


0.136 


15-62 


+ 


.14 


O.I 14 


15.66 


+ -IS 


0.108 


15.81 


+ - 


.20 


O.I 10 


IS-83 


+ 


.18 


0.105 


15-54 


+ . 


■32 


6 


0.164 


15-76 


+ . 


.08 


0.137 


15.81 


+ .16 


0.129 


16.01 


+ . 


.16 


0.133 


16.01 


+ . 


•IS 


0.126 


15.86 


+ . 


,28 


7 


0.I9I 


15.84 


+ - 


•OS 


0.160 


15-97 


+ .14 


0.151 


16.17 


+ . 


•IS 


o.iSS 


16.16 


+ . 


.10 


0.147 


16.14 


+ . 


.24 


8 


0.218 


15.89 


+ . 


•05 


0.183 


16.II 


+ .11 


0.172 


16.32 


+ . 


•IS 


0.177 


16.26 


+ . 


.09 


0.168 


16.38 


+ . 


.16 


9 


0.24S 


15-94 


+ . 


.04 


0.206 


16.22 


+ .09 


0.194 


16.47 


+ ^ 


09 


0.199 


16.35 


+ . 


.10 


0.189 


16.54 


+ . 


IS 


lO 


0.273 


15.98 


+ 


.02 


0.228 


16.31 


+ .09 


0.2IS 


16.56 


+ . 


,06 


0.221 


16.45 


+ . 


•07 


0.210 


16.69 


+ . 


,07 


II 


0.300 


16.00 


+ . 


.02 


0.251 


16.40 


+ .06 


0.237 


16.62 


+ - 


04 


0.243 


16.52 


+ . 


•05 


0.231 


16.76 


+ . 


,05 


12 


0.327 


16.02 


+ 


.01 


0.274 


16.46 


+ .05 


0.258 


16.66 


+ . 


.01 


0.265 


16.57 


+ . 


OS 


0.252 


16.81 


+ . 


,02 


13 


0.3S4 


16.03 


+ . 


.01 


0.297 


16.51 


+ .03 


0.280 


16.67 




.00 


0.287 


16.62 


+ . 


.04 


0.273 


16.83 


+ 


,01 


14 


0.382 


16.04 




,00 


0.320 


16.54 


+ .03 


0.301 


16.67 




.00 


0.309 


16.66 


+ 


.04 


0.294 


16.84 


+ 


,01 


IS 


0.409 


16.04 


+ 


.01 


0.343 


16.57 


+ .02 


0.323 


16.67 




,00 


0.331 


16.70 


+ . 


•03 


0.315 


16.85 




,00 


i6 


0.436 


16.05 


+ 


.01 


0.365 


16.59 


+ .02 


0.344 


16.67 




.00 


0.353 


16.73 


+ 


.02 


0.336 


16.85 




,00 


17 


0.463 


16.06 


+ 


.01 


0.388 


16.61 


+ .02 


0.366 


16.67 




.00 


0.376 


16.75 


+ . 


,01 


0.357 


16.85 




,00 


i8 


0.491 


16.07 




,00 


0.41 1 


16.63 


+ .01 


0.387 


16.67 


— . 


.01 


0.398 


16.76 


+ 


.01 


0.378 


16.85 


— . 


,01 


19 


0.518 


16.07 


— 


.02 


0.434 


16.64 


+ .01 


0.409 


16.66 


— 


.01 


0.420 


16.77 




.00 


0.399 


16.84 




,00 


20 


O.S4S 


16.05 


— 


.06 


0.457 


16.65 


- .03 


0.430 


16.65 


— 


.11 


0.442 


16.77 


— 


.02 


0.420 


16.84 


— , 


,02 


21 


0.572 


15-99 


— 


•59 


0.480 


16.62 


- .74 


0.452 


16.54 


— , 


•74 


0.464 


16.7s 


— . 


03 


0.441 


16.82 


— , 


■30 


22 


0.600 


15.40 


— 


.48 


0.502 


15.88 


-1. 18 


0.473 


15.80 


— I 


.10 


0.486 


16.72 


— , 


•25 


0.462 


16.52 


— 1 


,22 


23 


0.627 


14.92 


""" 


.24 


0.525 


14.70 


- .23 


0.49s 


14.70 


^— 


.06 


0.508 


16.47 


— I. 


.62 


0.483 


15-30 


— 


■ss 




No. 93 


No. 94 


No. 96 

• 


No. 97 


No. 100 




d. 








d. 






d. 






d. 






d. 






O 


0.000 


15-03 


+ . 


•03 


0.000 


14.65 


+ .18 


0.000 


14.36 


+ .14 


0.000 


1536 


+ .02 


0.000 


15-54 


+ .08 1 


I 


0.025 


15-06 


+ . 


.11 


0.022 


14.83 


+ .25 


0.021 


14.50 


+ - 


.22 


0.021 


15-38 


+ .05 


0.023 


15.62 


+ . 


.12 


2 


0.050 


15-17 


+ . 


.22 


0.044 


15.08 


+ .29 


0.042 


14.72 


+ . 


.20 


0.042 


15-43 


+ .05 


0.047 


15-74 


+ 


,11 


3 


0.075 


15-39 


+ . 


.40 


0.065 


15-37 


+ .31 


0.062 


14.92 


+ . 


.26 


0.063 


15.48 


+ .06 


0.070 


1585 


+ . 


,11 


4 


O.IOO 


15-79 


+ 


•47 


0.087 


15-68 


+ .38 


0.083 


15.18 


+ . 


•19 


0.084 


15-54 


+ .05 


0.093 


15.96 


+ . 


13 


S 


0.125 


16.26 


+ . 


•27 


0.109 


16.06 


+ .27 


0.104 


15-37 


+ . 


•19 


0.105 


15-59 


+ .07 


O.I 16 


16.09 


+ . 


,14 


6 


0.I5I 


16.53 


+ . 


.10 


O.I3I 


16.33 


+ .19 


0.125 


15-56 


+ . 


.21 


0.126 


15-66 


+ .05 


0.140 


16.23 


+ . 


,14 


7 


0.176 


16.63 


+ . 


•03 


0.153 


16.52 


+ .10 


0.146 


15-77 


+ . 


.16 


0.147 


15-71 


+ .07 


0.163 


16.37 


+ . 


,09 


8 


0.201 


16.66 


+ 


.02 


0.175 


16.62 


+ .08 


0.166 


15-93 


+ « 


.18 


0.168 


15-78 


+ .08 


0.186 


16.46 


+ . 


.08 


9 


0.226 


16.68 


+ . 


.01 


0.196 


16.70 


+ .07 


0.188 


16.11 


+ . 


13 


0.189 


15-86 


+ .08 


0.209 


16.54 


+ . 


,06 


lO 


0.251 


16.69 


+ 


.01 


0.218 


16.77 


+ .06 


0.208 


16.24 


+ 


15 


0.210 


15-94 


+ .08 


0.233 


16.60 


+ . 


.02 


II 


0.276 


16.70 




.00 


0.240 


16.83 


+ .02 


0.229 


16.39 


+ . 


.10 


0.231 


16.02 


+ .08 


0.256 


16.62 


+ . 


.04 



iaSCELLAN£OnS KESULTS 



8l 



Put 


PhaM 


UMgfL 


A 


Phaw 


Magn. 


A 


PhaM 


Magn. 


A 


Phaae 


UMffL 


A 


Phaae 


Magn. 


A 




No. 93 


No. 94 


No. 96 


No. 97 


No. 100 




d. 








d. 






d. 






d. 








d. 






12 


O.3OX 


16.70 




.00 


0.262 


16.85 


+ .02 


0.250 


16.49 


+ .08 


0.252 


16.10 


+ 


.08 


0.279 


x6.66 + .02 1 


13 


0.326 


16.70 




.00 


0.284 


16.87 


.00 


0.271 


16.57 


+ .03 


0.273 


16.18 


+ 


.08 


0.302 


16.68 


+ .02 


14 


0.3SI 


16.70 




.00 


0.305 


16.87 


+ .01 


0.291 


16.60 


+ .03 


0.294 


16.26 


+ 


•05 


0.326 


16.70 


.00 


IS 


0.376 


16.70 




.00 


0.327 


16.88 


.00 


0.312 


16.63 


+ .04 


0.315 


16.31 


+ 


-05 


0.349 


16.70 


.00 


16 


0.402 


16.70 




.00 


0.349 


16.88 


+ .01 


0.333 


16.67 


+ .02 


0.336 


16.36 


+ 


-03 


0.372 


16.70 


— .02 


17 


0.427 


16.70 




.00 


0.371 


16.89 


.00 


0.354 


16.69 


+ .01 


0.357 


16.39 




.00 


0.39s 


16.68 


- .08 


18 


0.4S2 


16.70 


— 


•50 


0.393 


16.89 


.00 


0.375 


16.70 


+ -OX 


0.378 


16.39 


— 


.11 


0.419 


x6.6o 


— .12 


19 


0.477 


16.20 


— 


.84 


0.415 


16.89 


.00 


0.395 


16.71 


+ .02 


0.399 


X6.28 


— 


.17 


0.442 


X6.48 


- .28 


20 


0.502 


15-36 




.16 


0.436 


16.89 


- -IS 


0.416 


16.73 


.00 


0.420 


x6.ii 


— 


.20 


P.46S 


16.20 


- .24 


21 


0.527 


15.20 




.11 


0.458 


16.74 


— 1-31 


0.437 


16.73 


- .6x 


0.441 


15-91 


— 


.20 


jO.488 
.0.512 


15-96 


- .23 


22 


O.SS2 


15-09 




.04 


0.480 


15-43 


— .69 


0.458 


16. 1 3 


-1.66 


0.462 


15-71 


— 


.20 


15-73 


— .XX 


23 


0.577 


15-05 




.02 


0.502 


14.74 


— .09 


0.479 


14.46 


— .xo 


0.483 


15-51 


■^ 


.15 


0.535 


15-62 


— .08 




No. loi 


No. 104 


No. X06 


No. X07 


No. 108 




d. 








d. 






d. 






d. 








d. 









0.000 


15.20 


+ . 


.14 


0.000 


14.60 


+ .12 


0.000 


14.84 


+ -09 


0.000 


14-95 


+ 


.09 


0.000 


14-75 


+ .08 1 


I 


0.027 


iS-34 


+ 


.16 


0.024 


14.72 


+ ■ 


.22 


0.023 


14.93 


+ 


•19 


0.0X9 


15-04 


+ 


.12 


0.022 


14.83 


+ . 


.11 


2 


0.054 


15-50 


+ 


•17 


0.048 


14.94 


+ . 


.24 


0.046 


15-12 


+ . 


.22 


0.037 


15.16 


+ 


•14 


0.043 


14.94 


+ . 


.x6 


3 


0.080 


15-67 


+ 


•IS 


0.071 


15.18 


+ 


•29 


0.068 


15-34 


+ . 


•25 


0.056 


15-30 


+ . 


.14 


0.065 


xs-xo 


+ . 


.x6 


4 


0.107 


15.82 


+ 


•IS 


0.095 


15-47 


+ 


.24 


0.091 


15-59 


+ . 


.21 


0.07s 


15-44 


+ . 


.14 


0.087 


X5.26 


+ . 


.x6 


5 


0.134 


15-97 


+ . 


.10 


O.II9 


15-71 


+ . 


•25 


0.114 


15.80 


+ . 


.22 


0.093 


15.58 


+ . 


.14 


0.108 


15-42 


+ . 


24 


6 


O.161 


16.07 


+ . 


.10 


0.143 


15.96 


+ « 


.18 


0.137 


16.02 


+ . 


.21 


O.XI2 


15-72 


+ . 


•13 


0.130 


15.66 


+ . 


.28 


7 


0.188 


16.17 


+ . 


07 


0.166 


16.14 


+ . 


14 


0.160 


16.23 


+ . 


14 


0.130 


1585 


+ . 


.10 


O.X52 


iS-94 


+ . 


.22 


8 


0.215 


16.24 


+ 


.07 


0.190 


16.28 


+ . 


•13 


0.182 


16.37 


+ . 


.10 


0.149 


15-95 


+ . 


.XO 


O.X73 


x6.x6 


+ . 


x6 


9 


0.241 


16.31 


+ . 


.06 


0.214 


16.41 


+ . 


07 


0.205 


16.47 


+ . 


•05 


0.168 


16.05 


+ . 


.07 


0.195 


X6.32 


+ . 


x6 


10 


0.268 


16.37 


+ . 


.04 


0.238 


16.48 


+ . 


07 


0.228 


16.52 


+ . 


.02 


o.x86 


16.12 


+ . 


.07 


0.2x6 


16.48 


+ . 


.12 


II 


0.295 


16.41 


+ . 


.02 


0.262 


16.55 


+ . 


05 


0.251 


16.54 


+ . 


03 


0.205 


16.19 


+ . 


•OS 


0.238 


x6.6o 


+ . 


07 


12 


0.322 


16.43 


+ . 


.04 


0.285 


16.60 


+ - 


.04 


0.274 


16.57 


+ . 


,02 


0.224 


16.24 


+ . 


.06 


0.260 


16.67 


+ . 


03 


13 


0.349 


16.47 




.00 


0.309 


16.64 


+ . 


03 


0.296 


16.59 


+ . 


.OX 


0.242 


16.30 


+ . 


.04 


0.281 


16.70 


+ . 


02 


14 


0.376 


16.47 




,00 


0.333 


16.67 


+ . 


02 


0.319 


16.60 


+ . 


03 


0.261 


16.34 


+ . 


•03 


0.303 


16.72 


+ . 


OX 


IS 


0.402 


16.47 




.00 


0.357 


16.69 


+ . 


01 


0.342 


16.63 


+ . 


02 


0.280 


16.37 


+ . 


.ox 


0.325 


16.73 


+ . 


.01 


16 


0.429 


16.47 




00 


0.381 


16.70 




00 


0.365 


16.65 


+ . 


02 


0.298 


16.38 


+ . 


.01 


0.346 


16.74 




00 


17 


0.456 


16.47 


— , 


03 


0.404 


16.70 




00 


0.388 


16.67 


+ . 


01 


0.317 


16.39 


— , 


.ox 


0.368 


16.74 




00 


x8 


0.483 


16.44 


— , 


.10 


0.428 


16.70 




00 


0.410 


16.68 


+ . 


02 


0.33s 


X6.38 


— , 


04 


0.390 


16.74 


— , 


ox 


19 


0.510 


16.34 


— . 


31 


0.452 


16.70 


— . 


.04 


0.433 


16.70 




.00 


0.354 


16.34 


— , 


32 


0.41 X 


16.73 




00 


20 


0.537 


16.03 


— , 


44 


0.476 


16.66 


— , 


19 


0.456 


16.70 


— , 


.01 


0.373 


16.02 


— , 


74 


0.433 


16.73 




00 


21 


0.564 


15-59 


— 


.21 


0.499 


16.47 


— I, 


.22 


0.479 


16.69 


— , 


.46 


0.391 


X5.28 


— , 


.26 


0.454 


16.73 


— , 


06 


22 


0.590 


iS-38 


— , 


•13 


0.523 


15-25 


— , 


64 


0.502 


16.23 


— I. 


.29 


0.410 


15-02 


— , 


.09 


0.476 


16.67 


— X. 


,87 


23 


0.617 


15-25 


mm^ 4 


•OS 


0.547 


14.61 


^"* 4 


.01 


0.524 


14.94 


^"^ 


.10 


0.429 


14.93 


+ . 


.02 


0.498 


X4.80 


^ 


OS 
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Part 


Phaae 


Magn. 


A 


Phaw 


Magn. 


A 


PhaM 




A 


Phaw 


Magn. 


A 


Pbiw 


Magn. 


A 




No. I09 




No. no 


No. Ill 


No. 113 


No. 114 




d. 








d. 








d. 






d. 






d. 






O 


O.OOO 


14.84 


+ 


.04 


0.000 


14.70 


+ . 


•03 


0.000 


14.83 


+ .05 


0.000 


14.50 


+ -13 


0.000 


15.00 


+ .06 


I 


0.022 


14.88 


+ . 


.11 


0.022 


14-73 


+ . 


► 10 


0.021 


14.88 


+ .13 


0.022 


14.63 


+ .32 


0.025 


15-06 


+ .10 


2 


0.044 


14.99 


+ 


■15 


0.044 


14.83 


+ 


•17 


0.043 


15-01 


+ .19 


0.043 


14.95 


+ .37 


0.050 


1516 


+ .14 


3 


0.067 


15-14 


+ . 


,18 


0.067 


15.00 


+ . 


.24 


0.064 


15-20 


+ .20 


0.065 


15-32 


+ .39 


0.07s 


15-30 


+ .20 


4 


0.089 


15-32 


+ . 


,19 


0.089 


15-24 


+ . 


27 


0.086 


15.40 


+ .22 


0.086 


15.71 


+ .32 


O.IOO 


15-50 


+ .25 


S 


O.III 


15-51 


+ . 


,21 


O.III 


15-51 


+ . 


23 


0.107 


15-62 


+ .21 


0.108 


16.03 


+ .28 


0.125 


15-75 


+ -25 


6 


0.133 


15-72 


+ . 


.20 


0.134 


iS-74 


+ ■ 


20 


0.128 


15-83 


+ .17 


0.129 


16.31 


+ .21 


0.149 


16.00 


+ .26 


7 


0.156 


15-92 


+ . 


20 


0.156 


15-94 


+ . 


14 


0.150 


16.00 


+ -17 


O.I5I 


16.52 


+ .09 


0.174 


16.26 


+ .14 


8 


0.178 


16.12 


+ . 


18 


0.178 


16.08 


+ . 


12 


O.17I 


16.17 


+ .10 


0.173 


16.61 


+ .07 


0.199 


16.40 


+ .08 


9 


0.200 


16.30 


+ . 


16 


0.201 


16.20 


+ - 


05 


0.192 


16.27 


+ .07 


0.194 


16.68 


+ .05 


0.224 


16.48 


+ .07 


lO 


0.222 


16.46 


+ . 


.11 


0.223 


16.25 


+ - 


05 


0.214 


16.34 


+ .06 


0.216 


16.73 


+ .05 


0.249 


16.5s 


+ -05 


II 


0.24s 


16.57 


+ . 


07 


0.245 


16.30 


+ - 


03 


0.235 


16.40 


+ .01 


0.237 


16.78 


+ .03 


0.274 


16.60 


+ .04 


12 


0.267 


16.64 


+ . 


06 


0.268 


16.33 


+ . 


04 


0.257 


16.41 


+ .01 


0.259 


16.81 


+ .02 


0.299 


16.64 


+ .04 


13 


0.289 


16.70 


+ . 


,02 


0.290 


16.37 


+ . 


02 


0.278 


16.42 


.00 


0.281 


16.83 


+ .02 


0.324 


16.68 


+ .02 


14 


0.312 


16.72 


+ . 


•03 


0.312 


16.39 


+ . 


01 


0.299 


16.42 


+ .01 


0.302 


16.85 


+ .01 


0.3*9 


16.70 


.00 


IS 


0.334 


16.75 


+ « 


,01 


0.335 


16.40 


+ . 


.02 


0.321 


16.43 


.00 


0.324 


16.86 


+ .01 


0.374 


16.70 


+ .01 


i6 


0.356 


16.76 


+ . 


,01 


0.357 


16.42 


+ . 


.01 


0.342 


16.43 


.00 


0.345 


16.87 


.00 


0.398 


16.71 


.00 


17 


0.378 


16.77 




,00 


0.379 


16.43 


+ . 


,01 


0.363 


16.43 


— .01 


0.367 


16.87 


+ .01 


0.423 


16.71 


.00 


i8 


0.400 


16.77 




,00 


0.402 


16.44 


+ . 


.01 


0.385 


16.42 


— .02 


0.388 


16.88 


.00 


0.448 


16.71 


.00 


19 


0.423 


16.77 


— 


•03 


0.424 


16.45 




.00 


0.406 


16.40 


— .04 


0.410 


16.88 


.00 


0.473 


16.71 


— .02 


20 


0.44S 


16.74 


— . 


.14 


0.446 


16.45 


— , 


.06 


0.428 


16.36 


— .11 


0.432 


16.88 


.00 


0.498 


16.69 


- -39 


21 


0.467 


16.60 


— 


,69 


0.469 


16.39 


— , 


.19 


0.449 


16.25 


- .17 


0.4S3 


16.88 


— .06 


0.523 


16.30 


— .90 


22 


0.489 


15-91 


— 


.85 


0.491 


16.20 


— , 


.80 


0.470 


16.08 


- .88 


0.475 


16.82 


— 1.62 


0.548 


15.40 


- .28 


23 


0.512 


15-06 


"~ 


.22 


0.513 


15.40 


~~' 


.70 


0.492 


15-20 


- -37 


0.496 


15.20 


- .70 


0.573 


15.12 


— .12 




No. IIS 


No. 116 


No. 117 


No. 118 


No. 119 




d. 








d. 








d. 






d. 






d. 






O 


0.000 


14-52 


+ 


.02 


0.000 


14-45 


+ 


.08 


0.000 


15-23 


+ •.03 


0.000 


14.70 


+ .06 


0.000 


14.20 


+ .07 


I 


0.021 


14.54 


+ 


.10 


0.021 


14.53 


+ 


.26 


0.025 


15-26 


+ .07 


0.021 


14.76 


+ .21 


0.022 


14.27 


+ .15 


2 


0.043 


14.64 


+ 


•15 


0.043 


14.79 


+ 


.28 


0.050 


15-33 


+ .12 


0.042 


14.97 


+ .20 


0.043 


14.42 


+ .17 


3 


0.064 


14.79 


+ 


.21 


0.064 


15-07 


+ 


-30 


0.075 


15-45 


+ .23 


0.062 


15-17 


+ .21 


0.065 


14.59 


+ .32 


4 


0.086 


15-00 


+ 


-30 


0.086 


15-37 


+ 


-30 


O.IOO 


15.68 


+ .28 


0.083 


15-38 


+ .21 


0.086 


14.91 


+ .41 


S 


0.107 


15-30 


+ 


.40 


0.107 


15-67 


+ 


-27 


0.125 


15.96 


+ .23 


0.104 


15-59 


+ .21 


0.108 


15-32 


+ .37 


6 


0.129 


15-70 


+ 


-32 


0.129 


15-94 


+ 


•23 


0.150 


16.19 


+ .18 


0.125 


15.80 


+ .20 


0.129 


15.69 


+ .35 


7 


0.150 


16.02 


+ 


.22 


0.150 


16.17 


+ 


•15 


0.175 


16.37 


+ .11 


0.146 


16.00 


+ .22 


0.I5I 


16.04 


+ .22 


8 


0.I7I 


16.24 


+ 


-17 


0.172 


16.32 


+ 


.08 


0.200 


16.48 


+ .08 


0.166 


16.22 


+ .20 


0.173 


16.26 


+ .12 


9 


0.193 


16.41 


+ 


.10 


0.193 


16.40 


+ 


•05 


0.225 


16.56 


+ .09 


0.187 


16.42 


+ -15 


0.194 


16.38 


+ .09 


lO 


0.214 


16.51 


+ 


-07 


0.214 


16.45 


+ 


-05 


0.250 


16.65 


+ .05 


0.208 


16.57 


+ -13 


0.216 


16.47 


+ .05 


II 


0.236 


16.58 


+ 


.06 


0.236 


16.50 


+ 


•05 


0.275 


16.70 


+ .04 


0.229 


16.7a 


+ .06 


0.237 


16.52 


+ .07 



lOSCEIIANEOUS RESULTS 



83 



Put 


Phaw 


Magn. 


A 


Phaw 


Magn. 


A 


Phaae 


Magn. 


A 


Phaae 




A 


Phase 


BiagB. 


A 




No. IIS 


No. 116 


No. 117 


No. 118 


No. 119 




iC 






d. 






d. 








d. 








d. 






12 


0.257 


16.64 


+ .05 


0.257 


16.55 


+ .04 


0.300 


16.74 


+ 


.02 


0.250 


16.76 


+ 


•03 


0.259 


16.59 


+ .04 


13 


0.279 


16.69 


+ .04 


0.279 


16.59 


+ .03 


0.325 


16.76 




.00 


0.270 


16.79 


+ 


•03 


0.280 


16.63 


+ .04 


14 


0.300 


16.73 


+ .02 


0.300 


16.62 


+ .04 


0.350 


16.76 




.00 


0.291 


16.82 


+ 


.01 


0.302 


16.67 


+ .02 


IS 


0.321 


16.75 


+ .02 


0.322 


16.66 


+ .02 


0.375 


16.76 


+ 


.01 


0.312 


16.83 


+ 


.02 


0.324 


16.69 


+ .01 


16 


0.343 


16.77 


.00 


0.343 


16.68 


+ .02 


0.400 


16.77 


+ 


.01 


0.333 


16.85 


+ 


.01 


0.345 


16.70 


.00 


17 


0.364 


16.77 


.00 


0.365 


16.70 


.00 


0.425 


16.78 




.00 


0.354 


16.86 


+ 


.01 


0.367 


16.70 


.00 


18 


0.386 


16.77 


.00 


0.386 


16.70 


.00 


0.450 


16.78 




.00 


0.375 


16.87 


— 


•03 


0.388 


16.70 


.00 


19 


0.407 


16.77 


— .02 


0.408 


16.70 


- .07 


0.475 


16.78 


— 


.02 


0.395 


16.84 


— 


.10 


0.410 


16.70 


.00 


20 


0.429 


16.75 


— .11 


0.429 


16.63 


- -23 


0.500 


16.76 


— 


43 


0.416 


16.74 


— 


.11 


0.431 


16.70 


.00 


21 


0.450 


16.64 


- .82 


0.450 


16.40 


- -43 


0.525 


16.33 


— 


.61 


0.437 


16.63 


— 


.21 


0.453 


16.70 


— .10 


22 


0.471 


15.82 


— 1. 16 


0.472 


15-97 


- .68 


0.550 


1572 


— , 


•31 


0.458 


16.42 


— 


.92 


0.475 


16.60 


— 1.22 


23 


0.493 


14.66 


- .14 


0.493 


15-29 


— .84 


0.576 


15-41 


— 


.18 


0.479 


15-50 


— " 


.80 


0.496 


15-38 


— 1. 18 




No. 121 


No. 123 


No. 125 


No. 126 


No. 128 




d. 






d. 






d. 








d. 








d. 









0.000 


14.85 


+ .02 


0.000 


14.89 


+ .07 


0.000 


15-30 


+ 


.02 


0.000 


15-29 


+ 


.04 


0.000 


14.99 


+ .04 


I 


0.021 


14.87 


+ .10 


0.023 


14.96 


+ . 


.14 


0.022 


15-32 


+ 


.12 


0.22 


15-33 


+ 


.11 


0.025 


15-03 


+ .10 


2 


0.041 


14.97 


+ .14 


0.045 


15-10 


+ . 


.24 


0.045 


15-44 


+ . 


.10 


0.045 


15-44 


+ 


.16 


0.050 


15-13 


+ .13 


3 


0.062 


15.II 


+ .20 


0.068 


15-34 


+ « 


.28 


0.067 


15-54 


+ 


.17 


0.067 




15-60 


+ 


.21 


0.076 


15-26 


+ -23 


4 


0.082 


15-31 


+ .23 


0.091 


15-62 


+ . 


•39 


0.090 


15-71 


+ . 


.18 


0.089 


15-81 


+ 


.20 


O.IOI 


15-49 


+ .25 


5 


0.103 


ISS4 


+ .30 


O.I 14 


16.01 


+ « 


.28 


O.II2 


15.89 


+ . 


.19 


0.112 


16.01 


+ 


.11 


0.126 


15-74 


+ .35 


6 


0.123 


15.84 


+ .25 


0.136 


16.29 


+ . 


•23 


0.135 


16.08 


+ . 


.16 


0.134 


16.12 


+ 


.08 


O.I5I 


16.09 


+ .21 


7 


0.144 


16.09 


+ .19 


0.159 


16.52 


+ . 


.18 


0.157 


16.24 


+ . 


.14 


0.156 


16.20 


+ 


.04 


0.177 


16.30 


+ .14 


8 


0.164 


16.28 


+ .14 


0.182 


16.70 


+ . 


>ii 


0.180 


16.38 


+ . 


.08 


0.178 


16.24 


+ 


.01 


0.202 


16.44 


+ .05 


9 


0.185 


16.42 


+ .07 


0.205 


16.81 


+ . 


•05 


0.202 


16.46 


+ . 


•03 


0.201 


16.25 




.00 


0.227 


16.49 


+ .01 


lO 


0.205 


16.49 


+ .05 


0.227 


16.86 


+ - 


•03 


0.224 


16.49 


+ . 


.01 


0.223 


16.25 




.00 


0.252 


16.50 


.00 


II 


0.226 


16.54 


+ .02 


0.250 


16.89 


+ - 


>OI 


0.247 


16.50 




.00 


0.24s 


16.25 


+ 


.01 


0.278 


16.50 


.00 


12 


0.247 


16.56 


+ .01 


0.273 


16.90 




.00 


0.269 


16.50 




.00 


0.268 


16.26 




.00 


0.303 


16.50 


.00 


13 


0.267 


16.57 


.00 


0.296 


16.90 




.00 


0.292 


16.50 




.00 


0.290 


16.26 


— 


.01 


0.328 


16.50 


.00 


14 


0.288 


16.57 


+ .01 


0.318 


16.90 


+ . 


.01 


0.314 


16.50 




.00 


0.312 


16.25 


— 


.01 


0.353 


16.50 


.00 


IS 


0.308 


16.58 


— .01 


0.341 


16.91 




.00 


0.337 


16.50 




.00 


0.335 


16.24 




.00 


0.378 


16.5*0 


.00 


16 


0.329 


16.57 


— .02 


0.364 


16.91 




,00 


0.359 


16.50 


— 


.01 


0.357 


16.24 




.00 


0.404 


16.50 


.00 


X7 


0.349 


16.5s 


- -05 


0.386 


16.91 




,00 


0.382 


16.49 


— , 


>02 


0.379 


16.24 


— 


.01 


0.429 


16.50 


.00 


18 


0.370 


16.50 


- .08 


0.409 


16.91 


— . 


.01 


0.404 


16.47 


— , 


.12 


0.402 


16.23 


— 


.03 


0.454 


16.50 


— .06 


19 


0.390 


16.42 


- .14 


0.432 


16.90 


— . 


•05 


0.427 


16.35 


— , 


.38 


0.424 


16.20 


— 


•17 


0.479 


16.44 


— .22 


20 


0.41 1 


16.28 


- .23 


0.4SS 


16.85 


— , 


.11 


0.449 


15-97 


— . 


.29 


0.446 


16.03 


— 


•34 


0.505 


16.22 


- .32 


21 


0.431 


16.05 


- .30 


0^77 


16.74 


— , 


71 


0.471 


15-68 


— , 


.22 


0.469 


15.69 


— 


.20 


0.530 


15.90 


- -SI 


22 


0.452 


IS-7S 


- .65 


0.500 


16.03 


— I. 


.01 


0.494 


15.46 


— , 


.12 


0.491 


15-49 


— 


.11 


0.555 


15-39 


- .25 


23 


0.472 


15.10 


- -25 


0.523 


1502 


*"^ 


•13 


0.516 


15-34 


^^ 


.04 


0.513 


15-38 


"^ 


.09 


0.580 


15-14 


- -15 
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Vut 


PhaM 


Mafn. 


A 


Phue 


MagiL 


A 


Phaw 


Magn. 


A 


Phase 


Magn. 


A 


Phaae 


Magn. 


A 




No. 131 


No. 132 


No. 133 


No. 134 


No. 137 




d. 








d. 






d. 






d. 








d. 






O 


0.000 


14.89 


+ . 


•03 


0.000 


14.90 


+ .05 


0.000 


14.70 


+ .01 


0.000 


15-19 


+ . 


•03 


0.000 


14.65 


+ 151 


I 


0.018 


14.92 


+ . 


.07 


0.021 


14.9s 


+ . 


.14 


0.023 


14.71 


+ . 


.04 


0.026 


15-22 


+ . 


.09 


0.024 


14.80 


+ . 


.24 


3 


0.036 


14.99 


+ . 


.08 


0.042 


15.09 


+ . 


14 


0.046 


14.7s 


+ . 


.07 


0.051 


1 5-3 1 


+ . 


.12 


0.048 


15-04 


+ 


.29 


3 


o.oss 


1507 


+ . 


.06 


0.063 


IS- 23 


+ . 


.16 


0.069 


14.82 


+ . 


.11 


0.077 


15-43 


+ . 


.19 


0.072 


15-33 


+ 


.21 


4 


0.073 


1513 


+ . 


.12 


0.084 


iS-39 


+ . 


.20 


0.092 


14.93 


+ . 


.10 


0.103 


15-62 


+ . 


.18 


0.096 


15-54 


+ . 


.19 


S 


0.091 


15-25 


+ . 


.12 


0.106 


IS-S9 


+ . 


19 


0.II5 


IS.03 


+ . 


•IS 


0.129 


15.80 


+ . 


.19 


0.120 


15-73 


+ • 


.14 


6 


0.109 


1537 


+ . 


.10 


0.127 


1S.78 


+ . 


14 


0.138 


15.18 


+ . 


,20 


0.154 


15-99 


+ . 


17 


0.144 


iS-87 


+ . 


14 


7 


0.127 


15-47 


+ . 


.14 


0.148 


iS-92 


+ . 


.14 


O.161 


IS.38 


+ . 


.22 


0.180 


16.16 


+ . 


.12 


0.168 


16.01 


+ - 


.11 


8 


0.146 


15-61 


+ . 


.14 


0.169 


16.06 


+ . 


.07 


0.184 


15.60 


+ . 


.26 


0.206 


16.38 


+ . 


.08 


0.192 


16.13 


+ . 


.09 


9 


0.164 


15-75 


+ . 


IS 


0.190 


16.13 


+ . 


.08 


0.207 


15.86 


+ . 


.18 


0.231 


16.36 


+ . 


.08 


0.216 


16.31 


+ . 


.08 


lO 


0.182 


15,90 


+ . 


.12 


0.2II 


16.21 


+ . 


•OS 


0.229 


16.04 


+ . 


.18 


0.257 


16.44 


+ . 


•07 


0.240 


16.29 


+ . 


.08 


II 


0.200 


16.02 


+ . 


.11 


0.232 


16.26 


+ . 


•03 


0.252 


16.22 


+ . 


.11 


0.283 


16.51 


+ . 


•03 


0.264 


16.37 


+ . 


.06 


13 


0.219 


16.13 


+ . 


07 


0.2S3 


16.29 


+ . 


•03 


0.275 


16.33 


+ . 


.10 


0.308 


16.54 


+ . 


•03 


0.288 


16.43 


+ . 


.06 


13 


0.237 


16.20 


+ . 


OS 


0.274 


16.32 


+ . 


,02 


0.298 


16.43 


+ « 


.10 


0.334 


16.57 


+ . 


•03 


0.313 


16.49 


+ . 


.04 


14 


0.2SS 


16.25 


+ . 


04 


0.29s 


16.34 


+ < 


03 


0.321 


16.53 


+ . 


.06 


0.360 


16.60 


+ . 


.01 


0.337 


16.53 


+ . 


.04 


IS 


0.273 


16.29 


+ . 


.01 


0.316 


16.37 


+ . 


.01 


0.344 


16.59 


+ . 


•OS 


0.386 


16.61 




.00 


0.361 


16.57 


+ • 


•03 


i6 


0,291 


16.30 




.00 


0.338 


16.38 


+ . 


.01 


0.367 


16.64 


+ . 


03 


0.41 1 


16.61 




.00 


0.385 


16.60 


+ . 


.02 


17 


0.310 


16.30 


— , 


.01 


0.3S9 


16.39 


+ . 


.01 


0.390 


16.67 


+ . 


•03 


0.437 


16.61 


— 


.01 


0.409 


16.62 


+ . 


•03 


i8 


0.328 


16.29 


— , 


.11 


0.380 


16.40 




.00 


0.413 


16.70 




.00 


0.463 


16.60 




.00 


0.433 


16.65 


+ . 


,02 


19 


0.346 


16.18 


— , 


.27 


0.401 


16.40 




,00 


0.436 


16.70 


— , 


.01 


0.488 


16.60 


— 


.02 


0.4S7 


16.67 




.00 


20 


0.364 


15-91 


— , 


.40 


0.422 


16.40 




.00 


0.4S9 


16.69 


— , 


17 


0.514 


16.58 


— . 


.08 


0.481 


16.67 




.00 


21 


0.382 


15-51 





.38 


0.443 


16.40 


— , 


.11 


0.482 


16.52 


— I. 


.24 


0.540 


16.50 


— . 


.21 


0.505 


16.67 


— , 


.02 


23 


0.401 


15-13 


— , 


14 


0.464 


16.29 


— I 


•03 


0.505 


15-28 


— , 


•SI 


0.566 


16.39 


— 


•S7 


0.529 


16.65 


— I. 


45 


23 


0.419 


14.99 


^■~ 


.10 


0.485 


15-26 


^"* 


36 


0.528 


14.77 


^ 


.07 


0.591 


15-72 


^^■^ 


•S3 


O.SS3 


15-20 


^^ 


SS 



The Kght curves given in the preceding table were derived from the same curves 
as the results given in the Table of Elements in Chapter III. The scale of these 
curves was not suflSdently great to enable the best results to be derived from them^ 
when the changes were extremely rapid. Also, since they were drawn by hand 
through the observations, their exact form is liable to be affected by the personal 
equation of the draughtsman. The exact form of the light ctirve is important in 
any determination of the physical causes which underlie the phenomena of varia- 
bility. In the following table, therefore, mean magnitudes are given, formed from 
the observations grouped according to phase, which are free from any personal 
equation. Moreover, although periods have been found for no variables in this 
cluster, the precise form of the light ctirve is doubtful, in the case of the more 
difficult objects, owing to the large accidental errors of measurement, and probably 
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in other cases, owing to the need of corrections for seciilar variation, or for other 
peculiarities. It seemed better, therefore, for the determination of the mean light 
ctu^e of the variables in the cluster, to accept only those stars whose elements, 
as indicated by the remarks, already written, following the Table of Elements in 
Chapter III, were free from uncertainty. 54 variables were selected in this manner. 
These variables were first placed in 6 groups, each composed of 9 stars, arranged 
according to the length of the period. They are as follows: — Group i, variables of 
shortest period, Nos. 72, 25, 22, 13, 74, 118, 96, 83, and 54, mean period o''.488; 
Group 2, Nos. 76, 92, S3, 5, 44, 11, 16, 6, and 116, mean period o*'.5o8j Group 3, 
Nos. 52, 18, 21, 90, I, 33, 82, 81, and 15, mean period o''.S22; Group 4, Nos. 55, 
35, 45, 80, 9, 49, 40, 34, and 38, mean period 0^.544; Group 5, Nos. 63, 10, 104, 
27, 31, 51, 39, 59, and 84, mean period o''.s8i; Group 6, Nos. 114, 26, 117, 93, 64, 
48, 14, 24, and 65, mean period o''.622. Mean results were then obtained for each 
group. The observations of each star were divided into twenty-four groups accord- 
ing to phase, each group corresponding to one twenty-fourth part of the period. 
These equal parts are nimibered from o to 23. The mean values of these different 
parts give 24 points for the mean light curves of the 6 groups of variables described 
above. These values are given in Table XVII. The first column gives * the equal 
parts into which the periods were divided, and the second to the seventh columns, 
the corresponding mean values of the different groups of variables. The general 
means of the 54 stars comprising the groups are given in the eighth column. As 
explained on page 11, the time required to obtain photographs which would show 
the variables clearly when near minimum, with the 13-inch Boyden Telescope at 
Arequipa, was in general from 90** to 120'*. Owing to the extraordinary rapidity 
of the light changes during the increase in brightness and near maximum, the form 
of the Ught curve is somewhat altered by the length of these exposiures. A second 
mean light curve has therefore been found by imiting in the same manner as above, 
according to phase, the observations of the Keder plates only, having exposiures 
of ID**, made on J. D. 2415160 and J. D. 2415161. These escposiures are so brief that 
the form of the light curve derived from them alone is slightly, if at all, affected 
by the duration. To obtain more accurately the form of the curve, the period was 
divided in this case into 48 equal parts. The alternate points thus obtained, cor- 
responding to the 24 points obtained for the values given in the second to the 
eighth colmnns of Table XVII, are given in the ninth column, and the intermediate 
points are given in the tenth column. Thus, for part o, the mean value derived 
from the Keeler plates is 14.46, and for part i, 14.63, the intermediate value being 
14.59. Graphical representations of the results given in the eighth, ninth, and 
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tenth colimms, with smooth curves drawn through them, are shown in Plate III, 
Figs. 5 and 6. 

TABLE XVn 

MEAN MAGNITUDES 



Part 


t 


9 


3 


4 


5 


6 


Mean.AU 


Mean, K PL 


K PL Int. 


O 


14.69 


14.47 


14.77 


14.80 


14.88 


14.87 


14.73 


14.46 


1459 


I 


14.69 

• 


14.60 


14.92 


14.89 


14.87 


15.00 


14.85 


14.63 


14-71 


2 


14.86 


14.81 


14.92 


15.12 


15-13 


15.00 


14.96 


14.91 


15.00 


3 


14.9s 


15.12 


IS.I7 


15.15 


15-42 


15.45 


15.21 


15.20 


15.38 


4 


IS.32 


IS. 23 


15.34 


15.43 


15.72 


15.41 


15.40 


15.52 


15.60 


5 


IS.63 


15.60 


15-52 


15.62 


15.78 


15.58 


15.62 


15.67 


15.96 


6 


15.98 


15.90 


15.99 


15.97 


16.22 


16.05 


16.02 


15.91 


16.10 


7 


16.16 


16.00 


16.16 


16.18 


16.37 


16.20 


16.19 


16.18 


16.25 


8 


16.3s 


16.24 


16.27 


16.28 


16.42 


16.29 


16.30 


16.28 


16.36 


9 


16.44 


16.39 


16.45 


16.54 


16.45 


16.44 


16.45 


16.45 


16.48 


lO 


16.48 


16.4s 


16.57 


16.52 


16.50 


16.50 


16.50 


16.5s 


16.56 


II 


16.53 


16.58 


16.69 


16.61 


16.55 


16.55 


16.59 


16.61 


16.56 


12 


16.56 


16.57 


16.70 


16.66 


16.58 


16.57 


16.61 


16.62 


16.67 


13 


16.66 


16.71 


16.7s 


16.69 


16.63 


16.61 


16.67 


16.72 


16.71 


14 


16.74 


16.76 


16.73 


16.66 


16.63 


16.67 


16.70 


16.72. 


16.70 


IS 


16.64 


16.72 


16.71 


16.70 


16.64 


16.57 


16.67 


16.73 


16.68 


i6 


16.57 


16.74 


16.72 


16.71 


16.65 


16.60 


16.66 


16.73 


16.73 


17 


16.71 


16.70 


16.67 


16.74 


16.74 


16.58 


16.70 


16.71 


16.69 


i8 


16.69 


16.65 


16.68 


16.72 


16.67 


16.68 


16.69 


16.71 


16.69 


19 


16.70 


16.64 


16.69 


16.73 


16.60 


16.50 


16.64 


16.65 


16.70 


20 


16.69 


16.71 


16.65 


16.70 


16.60 


16.45 


16.64 


16.67 


16.70 


31 


16.73 


16.60 


16.47 


16.42 


16.14 


16.09 


16.43 


16.65 


16.45 


22 


15-72 


16.03 


15.63 


15.91 


15.72 


15-61 


15.79 


16.00 


15-19 


23 


14.71 


15.04 


14.97 


I5I5 


15.02 


15.21 


15.00 


14.86 


1459 



Smooth curves were then drawn through the values given in Table XVII for 
the different groups. The results there given are so accordant that the largest 
deviation from these curves in the case of Group I is +.12, and the mean =*=.03; 
for Group 2, +.11, and =±=.03; for Group 3, —.09, and =±=.03; for Group 4, +.08, 
and =±=.02; for Group 5, +.12, and =^=.04, and for Group 6, —.18, and =^.04. The 
elements given in Table XVIII have been derived from these smooth ctirves. The 
first column gives the number of the group, and the second column, the mean length 
of period of the 9 stars which compose it. The range in the length of period is 
small, the difference between the extreme groups being only 0*^.134. The shortest 
individual period, which enters into the discussion, is 0^.456, and the longest, 0.^668. 
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The third column gives the mean distance from the centre of the cluster, and the 
foiuth, fifth, and sixth colimms, the mean majrimum magnitude, the mean Tninimnni 
magnitude, and the range. The seventh and eighth columns give the maximimi rate 
of increase and of decrease of light, expressed in magnitudes, in one twenty-fourth 
part of the period. These results are shown graphically in Plate II, Fig. 4. An 
examination of them appears to indicate that the length of period is slightly, if at all, 
associated with the distance of the variable from the centre of the cluster, although 
such a relation might be partially masked, since the apparent central portion of the 
cluster contains not only the near stars but also those at various distances, which 
are in the line of sight. There appears to be, however, a fairly well marked relation 
between the period and the maximum magnitude, the minimimi magnitude, and the 
range of variation. Especially well marked is the relation between the period and 
the rate of increase in light, and even in the rate of decrease, although in this case 
the differences are small. That the relation is not due to error in drawing these 
curves is shown by the sixth curve in Fig. 4, which gives the corresponding values 
derived from the Table of Elements, Chapter III, where the rates were derived 
from the individual ctirves, and are expressed in magnitudes per hour. 

TABLE XVm 

54 VARIABLE STARS, GROUPED ACCORDING TO LENGTH OF PERIOD 



Gimp 


Meu Period 


MeuDitt. 


Mean Max. 


MeaaMiB. 


Range 


Increase 


Decieaae 


I 


0.488 


4.2 


14.65 


16.72 


2.07 


1. 16 


0-33 


2 


0.508 


4.6 


14.50 


16.73 


2.23 


0.97 


0.29 

1 


3 


0.522 


4.9 


14.80 


16.73 


1-93 


0.78 


0.30 


4 


0.544 


S-i 


14.80 


16.73 


1-93 


0.77 


0.29 


S 


0.581 


3-4 


14.85 


16.68 


1.83 


0.59 


0.26 


6 


0.622 


S'S 


14.90 


16.63 


1-73 


0.47 


0.26 



Smooth curves were also drawn through the mean results for the 54 selected 
variables, both for all the observations, and for the observations of the Keeler 
plates alone. The results obtained by reading these curves for each forty-eighth 
equal part are given in Table XIX. The first column contains the part, and the 
second column, the mean phase, corresponding to the mean period of the 54 vari- 
ables, which is o''.544. The third and fourth columns contain the corresponding 
magnitude and the difference between each magnitude and that next following it 
in the column, for all the observations. The fifth and sixth columns contain cor- 
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responding values for the curve derived from the Keder plates of lo** exposure 
alone. The seventh column gives the diflferences between the magnitudes thus 
obtained. The magnitude as derived from all the plates is subtracted from that 
obtained from the Keder plates. Negative signs thus indicate that the magnitude 
derived from the Keeler plates is brighter than that derived from all the plates. 
These two light curves are shown graphically in Plate III, Figs. 5 and 6. They 
show dearly that the effect of the longer exj)osures is to reduce the brightness at 
majdmiun and to lessen the apparent rate of increase and decrease. DiiOFerences 
of a few hundredths of a magnitude in the two curves may perhaps be regarded 
as due to accidental errors, since the images of the stars are different on plates 
made by different instruments, but the systematically large negative residuals near 
majdmimi are undoubtedly caused by the duration of the exposures with the Bruce, 
and, especially, with the 13-inch Boyden Telescope. Indeed, the effect of this 
duration of the exposure is much greater than shown in this table, since the 
curve of all the observations indudes also the observations on the Keeler plates. 
The real effect is nearly double that shown in the seventh column of the table, 
since nearly half of the plates were those of Keder. The form of the light ctirve 
near minimum is about the same in the two curves, but elsewhere there are marked 
differences. The curve derived from the K plates alone probably represents the 
mean light curve of the variables in Messier 3 with considerable accuracy. There 
appears to be no duration of the maximum phase, the light beginning to fade 
rapidly as soon as the extremdy rapid increase is conduded. As the miriimnni 
phase is approached, the rate of decrease becomes much slower. The entire decrease 
of the mean variable occupies about 54 per cent of the whole period, the Tninimnm 
about 33 per cent, and the increase rather less than 13 per cent. Apparently 
the light remains almost, if not quite, uniform at minimum for three or four hours, 
although individual stars appear to present considerable differences in this regard. 
This is shown also in the results for the different groups on page 86. The light 
of Groups I, 4, and 5 appears to decline very slowly until about the beginning of 
increase, while that of Groups 2, 3, and 6 seems to be more nearly uniform at mini- 
mimi. These differences are small, however, and may be due to acddental errors. 
The mean maximum rate of the increase in light appears to be about 2.90 magn. 
an hour, and the decrease 0.60 magn. an hour. This mean rate of increase is 
greatly exceeded in many individual cases as is shown in the table of dements. 
An illustration of about an average rate of increase is given in Plate I, Fig. 2, 
which shows the rise from minimum to maximum and the beginning of the decrease 
in light of the star. No. 22, in the series of 16 K plates made on J. D. 2415161. The 
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series covers an interval of 3* and 50**, during which time the light of the variable 
rises from a measured magnitude of 16.77 ^^ ^ majrimum magnitude of 14.26, 
and then declines to the magnitude 15.80. The maximum rate of increase is about 
2.8 magnitudes an hour. Variable No. 72 shows a much more rapid increase. 



TABLE XIX 

MEAN LIGHT CURVES 



Put 


Mean 
Phaae 


Mtcn. 


A 


Mtgn. 
KPI. 


A 


K— A 


Part 


Mean 
Phase 


'^• 


A 


Magn. 
KPL 


A 


K— A 





d. 
.000 


14.73 


+.04 


14.49 


+.07 


-.24 


24 


d. 
.271 


16.63 


+.02 


16.64 


+.02 


+.01 


I 


.001 


14.77 


+.05 


14.56 


+ .09 


— .21 


25 


.283 


16.65 


+.01 


16.66 


+.02 


+.01 


3 


.023 


14.82 


+.07 


14.65 


+.11 


-.17 


26 


.294 


16.66 


+.01 


16.68 


+.02 


+.02 


3 


.034 


14.89 


+.08 


14.76 


+ .12 


-.13 


27 


.305 


16.67 


+ .01 


16.69 


+.01 


+.02 


4 


.045 


14.97 


+.11 


14.88 


+.14 


— .09 


28 


.317 


16.68 


.00 


'16.70 


.00 


+.02 


5 


.057 


15.08 


+.10 


15.02 


+.16 


-.06 


29 


.328 


16.68 


.00 


16.70 


+.01 


+.02 


6 


.068 


15.18 


+.10 


15.18 


+.16 


.00 


30 


.339 


16.68 


.00 


16.71 


+.01 


+.03 


7 


.079 


15.28 


+.10 


15.34 


+.16 


+.06 


31 


.350 


16.68 


.00 


16.72 


.00 


+ .04 


8 


.090 


15-41 


+.13 


15.50 


+ .12 


+ .09 


32 


.362 


16.68 


.00 


16.72 


.00 


+.04 


9 


•.102 


1554 


+.13 


15.62 


+.12 


+ .08 


33 


.373 


16.68 


.00 


16.72 


.00 


+ .04 


10 


."3 


15.^^7 


+.13 


15.74 


+ .12 


+.07 


34 


.384 


16.68 


.00 


16.72 


— .01 


+.04 


II 


.124 


15.83 


+.16 


15.86 


+ .11 


+ .03 


35 


.396 


16.68 


.00 


16.71 


.00 


+.03 


12 


.136 


15.98 


+.10 


15.97 


+ .11 


— .01 


36 


.407 


16.68 


— .01 


16.71 


— .01 


+.03 


13 


.147 


16.08 


+.10 


16.08 


+ .09 


.00 


37 


.418 


16.67 


— .01 


16.70 


.00 


+.03 


14 


.158 


16.18 


+.09 


16.17 


+.08 


— .01 


38 


.430 


16.66 


— .01 


16.70 


— .01 


+ .04 


IS 


.170 


16.27 


+.09 


16.25 


+.07 


— .02 


39 


.441 


16.65 


-.03 


16.69 


— .01 


+ .04 


16 


.181 


16.32 


+.05 


16.32 


+.05 


.00 


40 


.452 


16.62 


— .09 


16.68 


— .01 


+ .06 


17 


.192 


16.38 


+.06 


16.37 


+ .06 


— .01 


41 


.464 


16.53 


— .12 


16.67 


-.03 


+.14 


18 


.204 


16.44 


+.06 


16.43 


+ .05 


— .01 


42 


.475 


16.41 


-.26 


16.64. 


-.23 


+.23 


19 


•215 


16.49 


+ .05 


16.48 


+ .04 


— .01 


43 


.486 


16.15 


— .40 


16.41 


-.41 


+.26 


30 


.226 


16.J3 


+.04 


16.52 


+ .04 


— .01 


44 


.497 


15.75 


-.49 


16.00 


-.77 


+.25 


31 


.237 


16.56 


+.02 


16.56 


+.03 


.00 


45 


.509 


15.26 


-.26 


15-23 


— .40 


-.03 


33 


.249 


16.58 


+.02 


16.59 


+ .03 


+ .01 


46 


.520 


15.00 


-.i8 


14.83 


--25 


-.17 


23 


.260 


16.61 


+.03 


16.62 


+ .02 


+ .01 


47 


.531 


14.82 


— .09 


14.58 


— .09 


-.24 



This star is so distant from the centre of the cluster that the stars are somewhat 
scattering, and only one adjacent star is found sujBSdently near to appear in the 
reproductions given in Plate I, Fig 3. Five plates are shown, covering an interval 
of 61 minutes, during which time the variable rises from minimum, magnitude 
16.94, to maximum, magnitude 14.26. The details for this star can be seen on 
page 27. The most rapid change is between the time of the second and third 
figures when the increase is 1.26 magn. in 11 minutes, or at the rate of 6.56 magn. 
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an hour. The maximum rate as derived from a tangent to the smooth curve 
drawn through the observations is 6.38 magn. an hour. 

The scale of magnitudes of the sequence of comparison stars, as explained in 
Chapter I, was made to conform to that of the Polar Sequence. The mean maxi- 
miun magnitude of the variables in Messier 3, as derived from the mean observa- 
tions on the Keder plates, is 14.49, ^^ mean minimum magnitude, 16.72, and the 
range, 2.23 magnitudes. These values probably represent the truth more closely 
than means derived from the table of elements depending upon all the observations. 
The corresponding values of the variables of Class a in coCentauri, were 12.99, 
14.11, and 1. 12, respectively. The stars in Messier 3 are much fainter than those 
in CO Centauri, since in general the exposure required to obtain images of the vari- 
ables in the former cluster was about three times as great as in the latter. This 
does not altogether accoimt for the large differences in magnitude and range be- 
tween the variables in the clusters, however, and it is probable that a difference 
of scale also exists in the sequences of the comparison stars employed. The scale 
of magnitudes of the sequences used for w Centauri, as explained in H.A. 38, Chap- 
ter I, was determined by the use of photographic scales, on which triple the exposure 
was assiuned to represent an interval of one magnitude. The North Polar Sequence, 
which has given an apparently secure basis for the magnitudes of the sequence 
stars in Messier 3, had not been determined at that time. The scale of magni- 
tudes in CO Centauri therefore will need revision. Light is thrown on this subject 
by a comparison of the value of the grade in the two cases, although in practice 
the value of the grade is not the same for different individuals, nor constant for 
the same individual. The value of one grade for the stars of co Centauri, as given 
in H.A. 38, page 205, was 0.08 magn. for Miss Leland, and o.ii magn. for the 
writer. The corresponding values for Messier 3 are o.io magn., derived from 1200 
comparisons, and 0.13 magn., derived from 848 comparisons. In a paper read 
before the Ottawa meeting of the Astronomical and Astrophysical Society in 191 1, 
published in Science, Vol. 34, page 532, a means of correcting any error in the scale 
of magnitudes employed was proposed. By a determination of the number and 
magnitudes of the individual stars, and the integration of the results, the magnitude 
of the cluster as a whole can be obtained. For the central portion of the cluster, 
which cannot be studied in detail, the number and magnitudes of the stars would 
need to be determined according to the laws of their distribution. The magnitude 
of such a condensed cluster as Messier 3, regarded as a single star, can be obtained 
directly with considerable accuracy. A comparison of the two magnitudes of the 
cluster, thus independently derived, would give a correction to the scale of magni- 
tudes employed for the individual stars, if such was needed. 
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The mean deviation from the smooth curve for the observations of each variable 
was given in Table XV. The general mean for all the stars there given, whose 
periods were determined, is 0.173 magn. This is larger than that foimd for the 
variables in coCentauri, and may be due in part to a more open scale of magni- 
tudes in the case of Messier 3. It may be due in part, also, to the fact that 
Messier 3 is a much fainter and more condensed object than co Centauri. These 
deviations are caused not merely by the accidental errors of measiurement, but 
also in many cases apparently by the lack of a second term to correct the results 
for secular variation. The residuals are obtained in all cases from the use of a 
simple period. That these variations would be materially reduced in some cases 
by the use of a second term in the period of the star is shown on page 57 for 
variable No. 94. Also, large deviations may sometimes be caused by small errors 
in the adopted periods. That these deviations are somewhat affected by the diffi- 
culty of measuring objects near the centre of the cluster is shown by the fact that 
the mean deviation of aU the stars within 2^0 of the centre is 0.20 magn. This 
is, however, only one of the difficulties which tend to reduce the accuracy of the 
measures. In Messier 3 only one sequence of comparison stars was employed, and 
in many cases in order to make a comparison it was necessary for the eye to 
pass across the central stellar mass and seek the image of a star more or less 
confused with others. Though this is by no means so difficult photographically as 
visually, it is nevertheless impossible under such circiunstances to attain the highest 
precision. Also, on some of the plates the form of the images differs considerably 
on different sides of the cluster, which renders precise comparisons difficult. Under 
such circumstances greater precision would no doubt be obtained, if a special 
sequence could be selected and measiured for each variable, or for each group of 
adjacent variables. It is hoped that this may be done later for a selected number 
of the variables, but the great labor of employing this method for all the variables 
has prevented its adoption in the present treatise. Although such elaborate methods 
would doubtless give more accordant results, it seems improbable that the elements 
of the variables would thereby be materially changed. The elements have been 
determined from observations between J. D. 2413372 and J. D. 2415161. It is 
hoped that this discussion may soon be extended to include occasional observations 
down to the present time. 

652 remeasurements, or attempts at remeasurement, are given in Table XI. 
These were made when the deviation from the smooth curve amounted to 0.40 
magn., or more. For reasons given above, occasional deviations of from two to 
four tenths of a magnitude must be expected from the accidental errors of meas- 
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urement. In 541 cases, the value obtained by the remeasurement agreed with the 
original measure within 0.40 magn. In 16 cases, no remeasurement was made since 
the object was considered too difficult for comparison. In 94 cases, the value 
obtained by remeasurement differed by 0.40 magn., or more, from the early deter- 
mination and a third examination appeared to show that the second comparison 
was more nearly correct. In one case, the early comparison appeared better. In 
many of the above cases the comparison was difficult. Persistently large deviations 
are probably due to errors in the period, the need of a correction for secular 
variation, and to defects on the photographic plates, aggravated by the difficulties 
of measurement referred to above. 

All the variables in Messier 3 are probably of Class IV, Sub-class a, according 
to the classification given in H.A. 38, page 132. They are sometimes referred to as 
" Cluster Variables." The term " Antalgols," which has been applied to them 
appears to be inaccurate. In some cases, where the measures have been very 
difficult, or other cause of imcertainty is present, the form of the light ctirve is 
somewhat doubtful, but they appear even in such cases to belong to the same 
class. Doubtless close adjacent stars, either constant or variable, whose light is 
inseparable from that of the variable, tend to obscure the real form of the light 
curve in some cases. Of the no stars, whose periods have been determined, 2 have 
a period of about o''.4i, none of ©''.42 or 0*^.43, i each of 0*^.44 and 0*^.45, 2 of 
0^.46, none of o''.47, 4 each of 0^.48 and 0^.49, 11 each of 0*^.50 and 0^.$!, 12 of 
o''.S2, 8 each of o''.S3, 0*^.54, and 0*^.55, 4 of o'^.se, 5 each of 0^.57 and o''.s8, 3 of 
0^.59, 6 of 0^.60, 4 of 0^.61, 2 each of 0^.62 and o''.63, i of 0^.64, 2 of o^'.ds, i 
each of o'^-dd and o^^.dy, none of 0^.68 or o''.69, and i each of 0*^.70 and 0*^.71. 
These results are shown graphically in Plate II, Fig. 3. The mean period of the 
no variables is o''.S4i24, or 12* 59"* 23*.!. Aside from the central mass of the 
cluster, where the images of even the brighter stars coalesce, a number of rather 
close doubles occur among the relatively bright stars. When one of these is vari- 
able the approximate position and brightness of the companion has been given in 
the remarks following the Table of Elements. 

Ten faint nebulae, apparently spirals with stellar nuclei, appear on the plate 
referred to on page i, made by Ritchey with the 60-inch Reflector on Moimt Wilson, 
having an exposure of four hours. Whether these nebulae are really members of 
the cluster, or merely projected upon it, is not apparent. 

X 9205, taken on J. D. 2414456.502, was an isochromatic plate. If the variables 
in this cluster were red, and the plate sufficiently sensitive to color, any differences 
between the variables and the comparison stars might be shown by an excess of 
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negative residuals. The mean residual of all tiie measures of the variables on this 
plate is —0.02 magn. The smallness of this quantity appears to indicate either 
that the variables are not red compared with the comparison stars, or that the 
plate, with which no colored screen was used, was not suffidentiy sensitive to 
determine the quantity. 

The distribution of the variables is shown in Table XX, where they are grouped 
according to their distances from the centre of the cluster. The central portion 
of Messier 3, on photographs having sufficient exposiure to show the variables at 
minimum, is so condensed that the stars cannot be acouratdy counted or examined 
for variability. The extent of this central burnt-out portion varies with the size 
and quality of the instrument, the length of the exposure, the sensitiveness of 
the plate, and the, condition of the atmosphere. The first column in the table 
gives the mean distances of the various groups from the centre of the cluster, 
expressed in minutes and tenths of arc. These quantities are derived from the 
fourth column of Table XV. The first group, therefore, contains aU the variables 
whose distances from the centre lie between o'.o and g'.q, the second group those 
between I'.o and i'.q, etc. The most distant variable belongs to the group marked 
if.S. The second column gives the number of variables found in each group. 
The third column contains the areas expressed in square minutes corresponding 
to the different groups. The fourth column contains the niunber of variables per 
square minute in each group. It is foimd by dividing the quantity given in the 
second column by the corresponding quantity in the third column. The quantities 
in the first and foiuth colunms were then plotted, using distances from the centre 
as abscissas and the number of variables per square minute as ordinates. As in 
the case of the variables in co Centauri, discussed in H.A. 38, a logarithmic ctirve 
of the form, y == a^**~*^ appears to correspond fairly well with the results. For 
the variables in Messier 3, the value of a is 1.78, and of b, 11. 5, on the assiunption 
that the number of variables at the distance 11.5 is one for every one hundred 
square minutes of area, and that for each successive group the niunber increases 
in the ratio 1.78. The fifth column gives the ordinates of this ctu^e, which thus 
represents the number of variables per square minute at different distances accord- 
ing to the above law. The sixth column contains the residuals found by subtract- 
ing the values given in the fifth column from those in the fourth column. Negative 
quantities, therefore, indicate that the number of variables actually found is less 
than the niunber to be expected from the assumed law of distribution. The agree- 
ment between the number of variables found and the number indicated by the 
above formula is reasonably good, except in the case of the first group, where there 
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is a very large negative residual. This, however, was to be e3cpected, since as 
stated above, a detailed examination of the central mass of the cluster was im- 
possible. This residual may serve to indicate in a general way how many variables 
remain imdiscovered. The number of variables present in this region according to 
the assimied law of distribution would be 5.64 per square minute, or 17 in all. 
Since 5 have already been found in this area, 12 would thus remain for discovery. 



TABLE XX 



DISTRIBUTION OF THE VARIABLES 



DisUuice 


Variables 


AU Stars 


Perct. 
var. 


No. 


Area 


Pxop. 


Curve 


0-C 


Prop. 


0-C 


0.5 


5 


3-1 


I.6I 


5-64 


-4.03 


89.1 


+49-4 


2 


i.S 


32 


9.4 


3-40 


3-17 


+0.23 


38.0 


+15.8 


9 


2.5 


32 


iS-7 


2.04 


1.78 


+0.26 


13.4 


+ 0.5 


IS 


3-5 


15 


22.0 


0.68 


0.99 


—0.31 


45 


- 2.4 


IS 


4.5 


13 


28.3 


0.46 


0.56 


— O.IO 


2-3 


- 1.6 


20 


5-5 


10 


34.6 


0.29 


0.31 


—0.02 


1-7 


- 0.5 


17 


6.5 


8 


40.8 


0.20 


0.18 


+0.02 


I.O 


- 0.3 


20 


7.5 


9 


47.1 


0.19 


O.IO 


+0.09 


0.7 


0.0 


27 


8.5 


5 


53.4 


0.09 


0.06 


+0.03 


0.4 


0.0 


22 


95 


I 


59.7 


0.02 


0.03 


— O.OI 


o-S 


+ 0.3 


4 


10.5 


2 


66.0 


0.03 


0.02 


+0.01 


0.2 


+ 0.1 


IS 


"5 


I 


72.3 


O.OI 


O.OI 


0.00 


0.1 


0.0 


10 


12.5 


2 


78.S 


0.03 


• • 


• • 


• • 






13.5 


I 


84.8 


O.OI 


• • 


• • 


• • 






14.5 





91. 1 


0.00 


• • 


• • 


• • 






15.5 





97-4 


0.00 


• • 


• • 


• • 






16.5 





103.7 


0.00 


• • 


• • 


■ • 






17.5 


I 


IIO.O 


O.OI 


• • 


• • 


• • 







A telescope of great focal length would be desirable for the study of these remain- 
ing variables. The seventh and eighth columns relate to the distribution of all 
the stars in the cluster. A careful coxmt of the stars in this cluster was made 
in 1895 at Arequipa on a glass enlargement of X 6792, taken with the 13-inch 
Boyden Refractor, and having an exposure of 100 minutes. A reticle divided into 
2500 squares was placed over the enlargement, and the number of stars in each 
square coimted, with the exception of the central four squares, where the nimiber 
of stars was estimated. The whole area coimted formed a square, the length 
of one side of which was 18' 40'^ The details of this coimt will be published 
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elsewhere. For the present purpose, the results have been arranged as described 
in H.A. 26, page 216, so that the stars in squares equally distant from the centre 
of the cluster are grouped together. These small groups were then combined into 
larger groups whose mean distances are the same as those of the groups of variables 
given in the first column of the table. The whole niunber of stars per square 
minute is given in the seventh column for each group, and the corresponding 
residuals from the smooth curve referred to above are given in the eighth column. 
These results are shown graphically in Plate II, Fig. 6. The number of variables 
is represented by black drcles connected by straight lines, and the niunber of 
all the stars, by crosses. The smooth curve represents the assiuned law. In 
plotting the quantities given in the seventh column, the vertical scale was divided 
by seven. The accordance of these results is fairly good, except as the centre is 
approached, where the rate of increase in the niunber of stars is much greater 
than that of the variables. This, again, is to be expected from the increasing 
dijficulty of finding the variables near the centre of the cluster. An examination 
of Fig. 6 shows that while an arithmetical progression satisfies the results especially 
well for a portion of the distance, a geometrical progression appears to satisfy the 
results fairly well over a much larger extent. It should be noted, however, that 
these counts represent the apparent distribution of the stars as projected on a plane 
tangent to the celestial sphere, and do not give the actual distribution in space. 
The results of both counts may be slightly modified by stars not members of the 
cluster, but which are projected upon it. This effect, however, must be small. 
The counts show a systematic decrease in the number of stars and variables to a 
distance of perhaps I2^ Beyond that, the numbers are too small to permit much 
value to be attached to the results for the individual groups. That outlying mem- 
bers of the cluster exist at much greater distances, however, is indicated by the 
variable, No. 123, having the typical light ctu^e of cluster variables, at a distance 
of 17'. The last column in the table gives the percentage of variables, which have 
been foimd, among all the stars in the various groups. As has been shown above, 
the percentage of variables foimd near the centre of the cluster is necessarily small. 
The number of variables in the more distant groups is also too smaU to permit of 
precise values in particular cases. As stated in H.A. 38, page 2, of the stars exam- 
ined for variability in Messier 3, about one in seven, or foiuteen per cent, was foimd 
to be variable. The mean value of the results given in the last column of the table 
is fifteen per cent. 

The known variable stars in this cluster are all of about the same brightness. 
Of the no variables whose periods and Ught curves have been determined, not 
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one is as bright as the foiirteenth magnitude at maximum^ and all are between 
the sixteenth and seventeenth magnitudes at minimum. There are few stars in the 
cluster which are brighter than the fourteenth magnitude, only one or two of which 
appear to be variable. No variables have yet been foimd among the great number 
of very faint stars in the cluster from the sixteenth to the twenty-first magnitude. 
An examination of several thousand of these stars was made on foiur Keeler photo- 
graphsy as explained in H.A. 38, page 3. No variables were foimd, but the results 
were not conclusive, owing to the small number of plates and especially, to the 
extreme faintness of the stellar images. Sufficiently long exposxures with the great 
reflectors, like the 60-inch on Moimt Wilson, would probably show 50,000 stars. 
The central portion of the cluster would be burnt out on such* photographs, but 
many thousands of very faint stars somewhat distant from the centre could be 
conveniently examined. It would be of great interest to know whether as great a 
percentage of these stars are variable, as of the brighter stars of the cluster. K 
variables exist only among the brighter stars, this fact would have an important 
bearing on the theory of their evolution. 

The dm^tion of the photographic exposure is of the greatest importance in a 
study of light variations. When the images are too faint the results are doubtful, 
and when the exposure is too long the variations are obscxured. Plates that would 
serve best for a study of the extremely faint stars would be of little value for 
the determination of the light changes of the known variables. 

No satisfactory theory has yet been advanced to accoimt for the physical causes 
which imderlie the peculiar light curves of cluster variables. That they are binary 
systems seems probable. The discovery of isolated variables of this class sufficiently 
bright to permit precise spectroscopic studies would perhaps lead to the correct 
solution. Otherwise, it may be necessary to wait imtil instruments of sufficient 
power are available to obtain such observations for the variables now known in the 
globular clusters. 

In addition to the important assistance rendered by Miss £. F. Leland, who 
made the measiurements of 69 of the variables, the writer wishes to acknowledge 
the valuable help given by Miss I. E. Woods and Professor E. S. Manson, Jr., in 
the reduction of the results or in their preparation for the printer, and, especially, 
to Professor E. C. Pickering, Director of the Observatory, for assistance and advice 
throughout the work. 
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DESCRIPTION OF THE PLATES 

Plate I. Frontispiece. Figure i. The cluster, Messier 3. This chart is reproduced from 
H.A 38, Plate VIII, Figure i. The scale is 10" = 0.1 cm. The original negative, X8611, was 
taken on Jime i, 1897, with the 13-inch Boyden Tdescope. The exposure was i2i"». Variables 
82, 112, 113, 114, 115, and 123 are too distant from the centre of the cluster to appear in 
this reproduction. 

Figure 2. Variable No. 22. Example of variability. Of the three stars shown in each photo- 
graph, the variable is the upper, left-hand star. The scale of the enlargements is about 1"= 
0.1 cm. They were made from a series of 16 Crossley plates obtained by Keeler on May 21, 
1900. Each plate had an exposure of 10 minutes, and the Greenwich Mean Time of the middle 
of the exposure is placed above each photograph. The corresponding measured magnitudes are 

16.77, 16.67, 16.36, 15.97* 1548, 14-77 1436, 14.26, 14.36, lA'So, 14.64, I4.7i> iS-oo> iS-2i, iS-47> 
and 15.80, respectively. Since the definition and intensity of the images change on different 
plates, on accoimt of various instrumental and atmospheric effects, it is necessary to compare 
the brightness of the variable only with the other stars on the same photograph. No. 22 repre- 
sents light changes of about average rapidity in the duster Messier 3. See page 19. 

Figure 3. Variable No. 72. Example of rapid increase in light. The variable is the lower 
left-hand star. The scale is the same as in Figure 2. The five plates here shown belong to 
the same series as those given in Figure 2. The mean times of the exposure are placed above 
the enlargements and the corresponding magnitudes are 16.94, 16.70, 15.44, i44ii ^uid 14.26. 
The mftTimiim rate of increase in light of this star appears to be more than six magnitudes 
an hour. 

Plate n. Figure i. Secular correction to phase for variable No. 94. For a description 
of this curve, see page 55. 

Figure 2. Secular correction to phase for variable No. 79. See page 58. 

Figure 3. The periods of the variables. See page 92. 

Figure 4. Curves showing the relation of the distance from the centre, maximum magn., 
minimum magn., range, rate of increase, and decrease of light, to the length of the period. See 
page 87. 

Figure 5. Curve showing the extremely rapid rate of increase in light of variable 72, from 
a series of plates made with the Crossley Reflector on the night of May 21, 1900. This curve 
represents in magnitudes the changes ^own in Plate I, Figure 3. See page 89. 

Figure 6. Distribution of the variables, and all the stars, of the duster. For a description 

of this curve, see page 93. 

Plate HI. Figure i. Light curve of the variable No. 94, with the assiunption of a uni- 
form period, 0^.52370. See page 56. 
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Figure 2. Light curve of the variable No. 94 with a correction to the simple period, +0^.03 
sin (0^.1924+272^.3). See page 57. 

Figure 3. Light curve of No. 79, with the assiunption of a uniform period, 0^.48388. See 
page 58. 

Figure 4. Light curve of No. 79, assuming a change of period at J. D. 4118 from 0^.48285 
to 0^.48329. See page 59. 

Figure 5. Mean light curve of $4 selected variables in Messier 3, measured on all the 
plates. See page 88. 

Figure 6. Mean light curve of 54 selected variables in Messier 3, measured on the Keder 
plates of 10 minutes exposure. See page 88. 
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Fig. 5. No. 72. Increase 
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Fig. 3. No. 79. Simple Period 
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Fig. 2. No. 94. Corrected Period 
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CHAPTER V 

SEQUENCE OF COMPARISON STARS 

Messier 5, N.G.C. 5904, was one of the first globular dusters systematically 
examined at Arequipa for the discovery of variable stars. As announced in H. C. 2, 
46 variables were found in this cluster in 1895. This number was later increased to 
92, but the variability of 8 of them, Nos. 22, 23, 25, 46, 48, 49, 51, and 53, is some- 
what doubtful. The variable stars in this cluster were also among the first to be 
measured, but, due to the pressure of other work and the lack of absolute photo- 
graphic magnitudes, the discussion and publication of the results have been post- 
poned for nearly twenty years. 

The history of this cluster is interesting. It was discovered by Kirch, according 
to the diary of his wife, in 1702. Although it was included in his lists by Messier, 
its true nature was probably first clearly recogm'zed by Herschel. In 1890, Mr. 
D. E. Packer discovered visually a variable star near this cluster. English Mechanic 
51, 378. This variable is doubtless No. 42 of the present Harvard list. Later, Mr. 
Packer announced a second variable, which may be identical with No. 84, as sug- 
gested by Professor Barnard. From an examination of the chart given by Mr. 
Packer, in English Mechanic 52, 81, however, it seems probable that his second 
variable is the triple star whose faintest component is Variable No. 37. It is pos- 
sible that one of the brighter components also varies, but this is not well shown on 
the Harvard plates. Sid. Mess. 10, 107. A. N. 147, 243. The variability of both 
these stars was confirmed by Mrs. Fleming on Harvard photographs. A. N. 125, 157. 
Also, in 1890, Mr. A. A. Conunon announced that 5 stars shown on his photographs 
near Messier 5 were probably variable. They do not appear to be identical with 
any of the Harvard variables, and, so far as known to the writer, no further inves- 
tigations regardmg them were ever made. The positions of 62 of the variables iound 
at Arequipa and of various standard and comparison stars were determined in 1897 
by Professor Pickering and Mrs. Fleming. H.A. 26, 226. Later determinations of 
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positions were made by Miss A. Winlock in 1901. H.A. 38, 239. A careful study of 
the period and light curve of No. 33, from visual observations with the 40-inch 
Yerkes Telescope, was made by Professor E. E. Barnard in 1909. A.N. 184, 273. 
See also A. N. 196, 11. A study of the distribution of the stars in globular clusters, 
with special reference to Messier 5, was made in 1914, by Professor Elis Stromgren 
and Dr. Bj. Drachmann. Publ. Kobenhavns Observatoriimi, No. 16. In 1911, 
Dr. E. A. Fath obtained on Mount Wilson a photograph of the spectnmi of the centre 
of this cluster, giving an exposure of 16* 17*^. He states: — "The following absorp- 
tion lines are present: F, H7, G, H, K, and a band at 419 mm> which may possibly 
be double. The appearance is practically that of a solar spectrum, except that Hy 
is more pronounced here than in the sun." A.P.J. 37, 198. There is evidence, how- 
ever, that the stars of this duster do not all belong to the same spectral type. 

The approximate position of Messier 5 for 1900 is 15* i3'*.S, +2^ 27'. Its appear- 
ance is that of a hazy star of about the fifth magnitude. It is extremely condensed 
at the centre. The diameter of the cluster has not been determined from counts of 
the stars, but is probably about the same as that of Messier 3, 25', or greater. Two 
variable stars Nos. 68 and 69, are distant from the centre, respectively, 15^.0 and 
i6'.6. These variables are of the cluster type, and are doubtless real, though out- 
lying, members of the cluster. No. 67 is at a distance of 17'.! from the centre, but 
its range of variation appears to be small, and its period and light curve have not 
been determined. The variables were all found by the examination of plates made 
with the 13-inch Boyden Telescope. The focal length of this instrument is 191.5 
inches, and the scale of the photographs is, therefore, o.i cm. equals 42^.4. The 
exposures were in general about one hour, and somewhat more than a thousand stars 
are shown on the plates. Near the centre, however, the images are too densely 
crowded for individual examination, so that the number of stars actually compared 
on different plates for variability was only 900. Of these about ten per cent were 
foimd to be variable. When photographed with a powerful reflector. Messier 5, like 
Messier 3 and several other globular clusters, is shown to contain many thousands 
of faint stars, an examination of which might lead to interesting results. Von Zeipel 
has reached the conclusion that such clusters form gigantic systems containing about 
a million stars. Kimgl. Svenska Vetenskapsakademiens Handlingar 51, No. 5, 51. 
The brightest star within the limits of Messier 5 is the comparison star a, of the 
eleventh magnitude, but H. P. 5694, magnitude 5.18, lies just beyond the border of 
the cluster at 15* i4'*.2, +2^ 9', or about 22' from the centre. The photographic 
magnitudes of the comparison stars have been determined by Miss Leavitt, whose 
discussion of the subject is given below. 



SEQUENCE OF COMPARISON STARS 



lOS 



The scale of magnitudes depends on comparisons with stars of the North Polar 
Sequence, on plates having duplicate exposures or taken in series, as described in 
H.A. 71, 235. The magnitudes of stars in the North Polar Sequence, as given in 
H.A. 71, 231, were used for the reduction, omitting all stars whose designations are 
followed by the letters r, or s. A list of the plates employed for this comparison is 
given in Table XXI. The nimibers in the first colunm are preceded by the letters 
A, MC, or H, designating the 24-inch Bruce Telescope, 16-inch Metcalf Telescope, 
and 24-inch Reflector, respectively. The current number of the series in which the 
plate was taken is given in the second colunm. The two A plates have duplicate 
exposiures, on Messier 5 and on Harvard Standard Region C9 at R. A. = 1 7* 00**, 
Dec. = +15^.0, respectively. The magnitudes of the stars in the sequence for C9 
used for reduction, were obtained by comparison with the North Polar Sequence. 

TABLE XXI 

PLATES USED FOR COMPARISON WITH POLE 



tu*» 


Soki 


Yetf 


J.D. 


Rip. 


i^A 


*2; 


Plate 


Series 


Year 


J.D. 


Ezi>. 


i^A 


-2 


A 7832 


• • 


06 


7404 


30 


01 


II 


MC 8450 


486 


IS 


0608 


10 


03 


II 


A 8363 


• • 


07 


7758 


30 


01 


II 


H 768 


• • 


13 


99S2 


10 


02 


08 


MC 3138 


70 


13 


986s 


10 


06 


13 


H 830 


I 


14 


0281 


12 


03 


10 


MC 5380 


244 


14 


0240 


10 


i3 


IS 


H 832 


I 


14 


0281 


12 


06 


10 


MC 5421 


247 


14 


0246 


10 


08 


II 


H 840 


2 


14 


0285 


12 


06 


12 


MC 8398 


482 


IS 


0600 


10 


07 


12 


H 842 


2 


14 


028s 


12 


03 


13 



The third, fourth and fifth columns give the year, omitting the two left-hand 
figures, in which the plate was taken, the Julian Day, and the length of the expo- 
sure expressed in minutes. The sixth and seventh colimms contain the algebraic and 
arithmetical means of the residuals, the former representing the error of the zero 
point, and the latter, the average deviation of a single measure. The systematic 
errors are large on some of the plates and if these were elhninated, the remainmg 
accidental errors would average about =*=o.o7 magn. All of the plates given in 
Table XXI were measured by Miss M. E. O'Reilly. Measures on Plates H 768, H 830, 
and H 832 were also made by Miss E. F. Leland. Plates MC 8398 and MC 8450 
were taken in series after final magnitudes were adopted, but are included in order 
to compare them with the other plates. The deviations for these two plates, as 
given in the last two colimms, are taken from the adopted magnitudes, and the 
accordance is shown to be good. 
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In addition to the measures on plates given in Table XXI, estimates in grades 
between each star and the one next fainter were made on ten plates taken with the 
13-inch Boyden Telescope, on each of the five H plates given in Table XXI, on two 
plates taken with the 60-inch Mount Wilson Reflector, and on two plates taken with 
the 26-inch McCormick Telescope. The plates taken with the last two instruments 
were kindly loaned by the Directors of the Mount Wilson and McCormick Observa- 
tories. Estimates were made by Professor Bailey, Miss Leland, Miss Leavitt, and 
Miss O'Reilly, and reduced graphically to the scale determined by means of the 
plates in Table XXI. The magnitudes thus determined were arranged in four groups, 
each containing four or five plates, according to the instrument, and the observer. 
Means were taken for the plates in each group, and then the mean of the resulting 
magnitudes was found. The average deviation of an observation on a single plate 
from the mean of four or five contained in a group is =*= 0.060 magn., and that of 
a single group from the mean of four is =^=0.035 magn. The McCormick plates are 
isochromatic, taken with a yellow screen, and give photovisual magnitudes. At 
present we have not the material for reducing them to an absolute scale, but they 
are of value for their indication of the colors of the stars. 

In Table XXII, the designation of the comparison star is contained in the first 
column and is, in general, the same as in H.A. 38, 239. Greek letters are given to 
stars which were measured with the 12-inch photometer. Stars d^, d^, e^, e*, P and 
h^ were added to the original sequence in order to obtain a greater amount of 
material for determining the scale. The remaining stars belong to the original 
sequence, and were alone used in observing the variables. The second and third 
columns contain the coordinates in x and y from the centre of the cluster, ex- 
pressed in seconds of arc. The coordinates for the original sequence are taken 
from H.A. 38, 239. Their positions are shown also on Plate VIII, Fig. 2, of that 
volume. The positions of the additional stars d^, d^, e^, e^, P and tf were meas- 
ured by Miss Leland on the enlargements employed for the original measures. The 
stars designated by Greek letters are too far from the cluster to be covered by 
the enlargements, and their positions were measured on an original negative by 
Miss A. D. Walker. 

The fourth and fifth colxunns give the photometric magnitude, taken from H.A- 
74, 154, and the photographic magnitude as derived from the plates in Table XXI, 
omitting MC 8398 and MC 8450, which were taken too late to be used. Plate H 753, 
taken in series, was also measured but is of poor quality, and was rejected for 
extreme discordance. The residuals in the sixth colunm refer to five groups, each 
composed of several plates, as follows: — 3 MC plates, first measures, original 



SEQUENCE OF COMPARISON STARS 



107 



sequence only; 3 MC plates, later measures, including additional stars; 5 H plates, 
first measures; 5 H plates, later measures with additional stars; 2 A plates. The 
plates taken with the Bruce Telescope are thus given smaller weight than those taken 
with the other instruments, but this is not objectionable as they are much poorer 
in quality, as well as less niunerous. The adopted photographic magnitude is given 
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Des. 


S 


y 


Ptm. 


Prelim. 
Ptg. 


Residuals 


Ptg. 


Res. Est. 


Re 
Omitted 


Color 
Index 


a 


+ 580- 


-346. 


10.74 


11.05 ; 


>i, 06, 04, 18,38 


11.06 


01 


13 


— 0.21 


b 


— 


423.8 


-II4-S 


• • 


II.6I 


tl, 11, 19,01,00 


II.61 


00 


06 


+0.09 


/3 


+ 


724. 


— 211. 


11-37 


11.85 - 


?2, il, . ., 12, 22 


11.85 


• • 


04 


• • 


7 


— : 


1273- 


- 88. 


11.38 


11.90 ( 


>^,o7, ..,ip, 19 


11.90 


• • 


IS 


• • 


S 


+ 


525. 


-S70. 


11.52 


12.47 ( 


72,12, ..,17,04 


12.47 


• • 


01 


• • 


c 


— 


585. 


+ 72. 




12.61 ( 


7^,01,09,02,00 


12.58 


03 


02 


+0.21 


d 


— 


36.2 


+ 5x9-5 




13.20 . 


^P, 03, 13, oj, 05 


13-18 


03 


27 


— 0.04 


d* 


+ 


453-2 


+ 183.2 




13-34 


• • , JLOy • * 1 ^7} * * 


13-42 


08 


19 


+ 1.20 


e 


— 


64.9 


+ 216.8 

t 




13-49 . 


?^, 3^y 3S> 44, 05 


13-52 


04 


04 


+ 1.25 


c 


+ 


305. 


-386. 


12.92 


13-63 ^ 


11,21, . ., 27,06 


13-63 


• • 


06 


. . 


d' 


— 


227.2 


+443-<5 




13.84 


. . , ol, . . , 00, . . 


13.78 


06 


03 


— 0.19 


f 


+ 


147. 


-494. 


13-12 


13-84 ^ 


r5,oo, . ., 22,0^ 


13.84 


• • 


08 


• • 


e» 


— 


226.2 


+353-0 




13-97 


. ., 16, . ., 16, . . 


14.01 


04 


OS 


+0.79 


e» 


— 


362.4 


+ 107.8 




14.07 


. , 10, . . , 10, . . 


14.02 


04 


04 


+0.90 


f 


— 


30.6 


+ 194.1 




14.03 J 


r^, op, 19, 17, 12 


14.04 


00 


03 


+0.42 


P 


+ 


26.3 


+ 280.4 




14,29 


• , *3, • • , ^3, • • 


14-25 


04 


05 


+0.58 


g 


— 


64.1 


+ 179-4 




14.37 ^ 


?5, 25, 22, 48, 20 


14.40 


04 


13 


+0.13 


h 


— 


65.0 


+ 14M 




14.82 c 


>2, 14,17,32,3^ 


14.82 


00 


06 


+0.10 


h» 


_ 


S4.6 
1 13-4 


+ 166.2 








14.94 
15-06 






— 0.28 


1 


— 


+ 106.3 




15.06 


., .., .., .., .. 
,,02, 14,06, 18 


01 


• • 

12 


-0.16 ? 


m 


— 


146.1 


+ 136.8 




15-25 


..,05,13,01,15 


15-26 


01 




• • 


n 


— 


82.3 


+ 101. 1 




15-56 


• -, • • , ^3> ' 'i ^2 


15.58 


02 




+0.36 





— 


77.0 


+ 91-9 




16.05 


. . , . . , A , . . , . . 


15.98 


06 




+0.86 ? 


P 


— 


9S-3 


+ 85.6 




16.30 


..,.., A,..,.. 


16.32 


02 




• • 


q 


""" 


97-S 


+ 68.9 




• • 




16.90 


. . 




• • 


.., .., .., .., .. 



in the seventh column, and is the mean of the magnitude in the fifth colunm and 
that derived from estimates, as described above. The residual from the estimated 
magnitude is given in the eighth colunm. The ninth column gives the residual from 
the mean of Plates MC 8398 and MC 8450 which are shown to be in such good 
accordance that their inclusion would have made no material difference in the final 
result. The last colimm gives the residual found by subtracting the photovisual 
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magnitude derived from the two McCormick plates, from the adopted photographic 
magnitude. The color indices thus obtained are subject to considerable error, but 
indicate the relative colors of the stars approximately. Star e, for example, is seen 
to be very red, while star a is white. The unusually large residuals for star e, as 
given in the sixth colunm, are probably due to its color. 
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CHAPTER VI 

OBSERVATIONS OF THE VARIABLES IN MESSIER 5 

The first measures of the variables in Messier 5 were made by Miss Leland in 
1896, soon after their discovery. The original plan was to confine the discussion to 
100 plates which were available in 1901. The work was delayed for several years, 
however, and in order to bring the discussion down to a later date, 23 additional 
plates, taken between the years 1902 and 1912, were afterwards added. All the 
measurements are given in Table XXIII. They were made on plates taken with the 
following instruments: — X series, made with the Boyden 13-inch Telescope, including 
the plates made by Professor E. S. King on Mount Wilson, California, in 1889, and 
those made at Arequipa, Peru, during the years 1895 to 1908; C Series, one plate, 
made with the ii-inch Draper Telescope at Cambridge: A Series, made with the 
24-inch Bruce Telescope at Arequipa; MW Series, so called in this publication, made 
on Mount Wilson, in 191 2, with the 60-inch Reflector through the kindness of the 
Director of the Solar Observatory, Professor G. E. Hale. It is thus seen, that by a 
somewhat remarkable coincidence, the first and last plates of this table were made 
on Mount Wilson, the first in 1889, and the last, after an interval of 23 years, in 
191 2. The exposure needed to show the variables to the best advantage at mini- 
mimi is from 40 to 60 minutes, for the 13-inch and ii-inch Refractors, 20 to 30 
minutes for the 24-inch Reflector, and probably about 6 minutes for the 60-inch 
Reflector. The exposure actually given with the 60-inch Reflector, with a single ex- 
ception, was 10 minutes. These plates are of admirable quality, but this exposure 
proved to be too long for the known variables, which are among the brighter stars 
of the cluster, and rendered their measurement for brightness rather diflicult. The 
more distant variables cannot be measured on these plates, owing to the small field 
of good definition of a reflecting telescope. These plates, however, will provide 
much valuable material for stars in the cluster somewhat fainter than the variables. 
In addition to the above series of plates, photographs of the cluster have been 
recently obtained by Professor King with a 24-inch Reflector at Cambridge. None of 
these have yet been used for the study of the variables, but they will serve for 
future extension of the discussion. The observations given in the table extend over 
more than twenty years, in many cases, and include from 10,000 to 20,000 returns 
of maximum. All the exposures were made on ordinary commercial dry plates, with 
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the exception of MW84, 85, and 105 to 112, which were made on isochromatic 
plates, but without any screen. 

In general, the variables were compared by Argelander's method with a brighter 
and a fainter star of the sequence given on page 107. The estimates were made m 
grades which were later reduced to magnitudes, as described on page 12. To save 
space only the resulting magnitudes are given in Table XXIII. The first two and 
a half pages of the table contain data in regard to the plates, followed by the results 
derived for three of the variables. The first column contains the letter used to 
designate the series and the niunber of the plate. The second column gives the 
year, month, and day, on which the plate was made, and the third column, the 
corresponding Julian day and decimal of the middle of the exposiure. These dates 
have been corrected for the equation of light. The fourth column gives the duration 
of the exposure in minutes, and the fifth coltunn, the quality of the plate on a scale 
of 5, in which i indicates that it is practically worthless, 2 very poor, 3 fair, 4 
good, and 5 excellent. The given quaUty is the mean of two estimates, one by 
Miss Leland, and one by the writer. For each variable, as in Part I of this volume, 
only three columns are employed, the first containing the magnitude, the second, 
the phase of the observation, or the time elapsed since the last computed maximum, 
and the third, the deviation of this magnitude from the smooth curve drawn through 
all the observations. This curve is based on the elements given in Chapter VII. 
The observations were plotted and the curves drawn, for the results given in this 
table, on the asstunption that the periods are imiform. A positive residual impUes 
that the measured magnitude is fainter, and a negative residual that it is brighter 
than that indicated by the cxurve. Dots in the second and third columns show that 
no period has been determined. When the residual is 0.6 magn., or greater, the 
variable has been remeasured and the result will be found in Table XXIV. When 
the second measure differs by 0.5 magn., or more, from the original measure, a 
third examination was made independentiy. If the original measure was found to be 
wrong, the corresponding residual in Table XXIII has been replaced by the letter 
R, and the corrected result can be found in Table XXIV. The letter r has also 
been used in place of the residual when the second measure shows that an accurate 
determination of the magnitude appears impossible. This is indicated in the seventh 
column of Table XXTV by the letter d. When a magnitude is expressed in Italics, 
it indicates that the variable was fainter than the value given. A few especially 
doubtful magnitudes have been expressed only to tenths. After the first two and a 
half pages, only the Julian date is given, followed by the results for the variables. 
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09 


IS.47 


0.293 


03 


14.80 


0.006 


13 


X 7008 


u 


u 


9 


" .S3I 


40 


4 


14.89 


0.49s 


39 


IS.47 


0.33s 


03 


14.82 


0.048 


09 


X 7009 


u 


a 


9 


" .S72 


40 


4-5 


14-27 


0.014 


05 


IS.47 


0.376 


10 


15.02 


0.089 


19 


X 7010 


u 


u 


9 


« .614 


40 


3-5 


14.61 


0.056 


02 


IS.37 


0.418 


20 


IS-II 


O.I3I 


15 


X 7018 


a 


u 


13 


3419.548 


4S 


35 


IS.42 


0.337 


16 


15.16 


0.142 


01 


15-73 


0.464 


18 


X 7036 


u 


u 


16 


3422.494 


4S 


35 


15.42 


0.153 


18 


IS.37 


0.456 


56 


16.10 


0.409 


57 


X 7038 


a 


a 


16 


" .S9I 


54 


3 


IS.42 


0.250 


II 


14.S6 


0.027 


05 


15-47 


0.506 


06 


X 7043 


u 


a 


17 


3423.S06 


75 


4-5 


14.89 


0.121 


18 


IS.37 


O.4IS 


20 


IS-II 


0.221 


16 


A 1756 


tt 


a 


u 


3666.649 


30 


3 


14.99 


O.IIO 


01 


15.16 


0.387 


18 


15-73 


0.289 


33 


X 7469 


1896 


4 


23 


3673.681 


65 


3 


IS.47 


0.3S9 


10 


14.66 


0.050 


04 


14-73 


O.II9 


20 


X 7499 


u 


S 


13 


3693.638 


60 


3-5 


14.66 


0.488 


06 


14.S6 


0.006 


02 


15-21 


0.270 


16 


A 1 781 


a 


u 


u 


3694.S77 


23 


2-5 


15.11 


0.383 


46 


16.15 


0.419 


R 


14.76 


0.009 


09 


A 1782 


u 


u 


14 


« .615 


30 


3-5 


1S.30 


0.421 


23 


14.94 


0.4S7 


14 


14.79 


0.047 


06 


A 1784 


u 


u 


IS 


369S-SI9 


42 


3 


15.16 


0.281 


41 


iS-ii 


0.308 


39 


15-42 


0.3S0 


07 


A 1785 


u 


u 


15 


" .561 


36 


4 


15.21 


0.323 


37 


1S.30 


0.3S0 


19 


15-47 


0.392 


05 


A 1786 


u 


u 


IS 


« .602 


30 


3 


iS-37 


0.364 


20 


15.61 


0.391 


28 


15-57 


0.433 


04 


A 1787 


u 


u 


IS 


« .644 


30 


3 


1S.73 


0.406 


18 


1S.83 


0.433 


85 


15-73 


0.47s 


18 


A 1788 


u 


u 


18 


3698.504 


41 


2-S 


14.94 


0.136 


Jp 


15.11 


0.13s 


03 


15-37 


0.33s 


to 


A 1789 


u 


a 


19 


3699.499 


36 


3 


14.89 


0.087 


OS 


14.89 


0.078 


03 


15-05 


0.129 


08 


A 1790 


a 


u 


19 


" .S42 


30 


3 


14.89 


0.130 


23 


14.94 


0.121 


14 


14-94 


0.172 


17 



OBSERVATIONS OF THE VAIUABLES IN MESSIER 5 



"3 



Plate 


Date 


J. D. 


Ex. 


QoaL 


No. I. 


Per. 0^.521790 


No. a. 


Per. 0^.526344 


No. 3- 


Per. o<.6ooi84 1 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


A 1791 


1896 


m. 

s 


i. 
19 


3699584 


30 


4 


15.21 


0.172 


II 


15.21 


0.163 


06 


15.08 


0.214 


16 


A 1809 


u 


6 


2 


3713.513 


60 


3 


14-39 


0.013 


07 


15.42 


0.407 


18 


15.30 


0.339 


n 


A 1813 


u 


u 


2 


« .680 


45 


2.5 


15." 


0.180 


23 


15.08 


0.047 


41 


15.73 


0.506 


19 


A 1825 


u 


u 


6 


3717.517 


52 


3 


15.21 


0.364 


36 


15.37 


0.200 


00 


14.99 


0.142 


03 


A 1828 


u 


u 


6 


" .692 


45 


3 


14-39 


0.018 


04 


15.30 


0.375 


09 


15.37 


0.317 


08 


A 1829 


u 


u 


u 


" .817 


44 


2 


14-76 


0.143 


44 


14.61 


0.500 


01 

* 


15.42 


0.442 


12 


X 7601 


u 


a 


13 


3724-535 


60 


3-5 


14-79 


0.077 


01 


15.42 


0.375 


05 


15.05 


0.558 


01 


X 7603 


a 


a 


13 


« .676 


60 


3-5 


15-47 


0.218 


00 


14.61 


0.516 


02 


14.94 


0.098 


06 


X 7661 


u 


7 


7 


3748.572 


60 


3-5 


14.99 


O.II2 


04 


16,4 


0.201 


• • 


14.79 


0.587 


06 


X 7789 


u 


8 


3 


3775556 


45 


4 


14.79 


0.48s 


10 


15.78 


0.341 


28 


15.21 


0.563 


21 


X 8358 


1897 


2 


4 


3960.869 


60 


3 


14.66 


0.040 


14 


16.3 


0.381 


• • 


• • • • 


• • • • 


• • 


C 10149 


a 


3 


30 


4014.745 


84 


3 


15.37 


0.172 


04 


14.89 


0.044 


22 


15.30 


0.279 


oB 


X 845a 


a 


4 


22 


4037.635 


35 


3 


14.99 


0.103 


00 


15.47 


0.301 


03 


• • • • 


> • • • 


• • 


X 8453 


a 


u 


22 


" .663 


37 


3-5 


15.16 


O.I3I 


02 


15.6 


0.329 


• • 


• • • • 


• • • • 


• • 


X 8467 


a 


u 


26 


4041.675 


60 


4 


14.51 


0.491 


03 


i5.i<^ 


0.130 


04 


• • • • 


• • • • 


• • 


X 8515 


u 


5 


7 


4052.600 


70 


4 


15.05 


0.458 


32 


14.61 


0.002 


04 


15.37 


0.322 


oB 


X 8538 


u 


u 


13 


4058.548 


60 


3.5 


15.45 


O.I4S 


25 


15.26 


0.160 


00 


15.21 


0.268 


16 


X 8540 


u 


u 


13 


" .662 


57 


4 


15.60 


0.259 


07 


15.37 


0.274 


12 


15.26 


0.382 


25 


X 8542 


a 


u 


13 


« .780 


50 


4 


15.66 


0.377 


09 


15.26 


0.392 


07 


15.26 


0.500 


28 


X 8544 


u 


a 


13 


" .854 


SO 


3 


15.28 


0.451 


06 


14.82 


0.466 


09 


14.89 


0.574 


02 


X 8556 


u 


u 


21 


4066.635 


SO 


4 


15.66 


0.405 


II 


15.26 


0.352 


22 


15.06 


0.553 


II 


X 8564 


u 


u 


22 


4067.636 


54 


4 


15.66 


0.362 


08 


15.37 


0.300 


13 


15.37 


0.353 


II 


X 8571 


u 


a 


24 


4069.560 


57 


4 


15.37 


0.199 


04 


15.21 


O.II9 


14 


15.37 


0.477 


18 


X 8576 


a 


a 


24 


" .795 


53 


3 


15.68 


0.434 


20 


15.37 


0.354 


10 


14.82 


O.II2 


10 


X 8578 


u 


a 


25 


4070.655 


60 


4 


15.61 


0.250 


08 


15.26 


O.161 


01 


15.26 


0.371 


^4 


X 8583 


u 


u 


26 


4071.538 


60 


4.5 


14.92 


0.090 


04 


14.61 


0.517 


02 


14.61 


0.054 


13 


X 8586 


a 


a 


26 


" .747 


58 


4.5 


15-61 


0.299 


04 


15.58 


0.200 


21 


15.37 


0.263 


01 


X 8591 


u 


u 


27 


4072.538 


60 


2-5 


14.72 


0.046 


18 


14.89 


0.465 


15 


15.58 


0.454 


03 


X 8594 


u 


a 


27 


" -745 


60 


4 


15.42 


0.253 


12 


15.26 


0.146 


08 


14.61 


0.061 


13 


X 8596 


u 


u 


28 


4073.553 


60 


4 


14.46 


0.018 


12 


15.37 


0.427 


30 


15.37 


0.269 


00 


X 8599 


a 


u 


28 


" .758 


60 


4 


15.58 


0.223 


08 


15.06 


0.106 


06 


15.37 


0.474 


18 


X 8604 


u 


a 


29 


4074.561 


54 


4.5 


14.38 


0.504 


04 


15.58 


0.383 


20 


14.71 


0.076 


08 


X 8657 


u 


6 


9 


4085.663 


60 


4 


15.11 


0.127 


01 


15.37 


0.431 


39 


15.26 


0.375 


H 


X 8662 


u 


u 


10 


4086.608 


60 


2-5 


14.71 


0.028 


29 


15.47 


0.324 


03 


14.82 


0.120 


II 


X 8702 


a 


u 


16 


4092.573 


50 


4 


15.58 


0-253 


04 


14.07 


0.499 


55 


14.82 


0.083 


00 


X 8706 


a 


u 


17 


4093.532 


47 


4 


15.26 


0.169 


03 


15.47 


0.405 


23 


15.37 


0.442 


17 


X 8710 


a 


u 


17 


« .762 


55 


2-5 


15.76 


0.399 


20 


14.99 


0.109 


04 


14.61 


0.071 


17 


X 8754 


a 


7 


27 


4133.607 


60 


3 


14.66 


0.066 


06 


14.66 


0.478 


02 


15.42 


0.304 


01 


X 8790 


u 


8 


10 


4147-519 


90 


4 


15.37 


0.41 1 


18 


14.89 


0.179 


42 


15.16 


0.412 


37 


X 9159 


1898 


s 


27 


4437.629 


6q 


3-5 


15.78 


0.406 


23 


15.27 


0.273 


22 


14.66 


0.033 


01 


X 9501 


1899 


S 


20 


4795.632 


60 


3-5 


15.27 


0.461 


04 


15.37 


0.362 


08 


15.37 


0.326 


09 


X 9790 


u 


7 


10 


4846.568 


55 


3-5 


15.42 


0.262 


^3 


15.47 


0.243 


02 


15.37 


0.247 


04 


X 9859 


u 


u 


24 


4860.582 


SO 


3 


15.42 


0.187 


07 


14.71 


0.046 


03 


15.73 


0.456 


18 


X 9916 


a 


8 


9 


4876.513 


52 


3 


15.37 


0.465 


32 


15.37 


0.186 


04 


15.32 


0.182 


18 


X 9940 


a 


U 


19 


4886.535 


73 


3 


14.66 


0.051 


06 


15.16 


0.208 


24 


14.89 


O.OOI 


21 


X 10249 


I901 


6 


24 


5560.608 


62 


3.5 


14.56 


0.493 


OS 


14.71 


0.034 


09 


14.71 


0.068 


04 


X 10253 


u 


u 


26 


5562.605 


60 


3.5 


15.73 


0.403 


18 


15.11 


0.452 


28 


15.37 


0.264 


00 


X 10254 


u 


u 


27 


5563.594 


60 


3 


15.42 


0.348 


16 


15.37 


0.388 


00 


14.66 


0.053 


07 


X 10256 


a 


7 


13 


5579551 


60 


4 


15.04 


0.130 


09 


14.76 


0.029 


15 


15.37 


0.405 


15 


X 10257 


u 


a 


15 


5581-558 


60 


3 


14.66 


0.050 


08 


14.94 


0.456 


14 


14.61 


O.OII 


07 



114 



ANNALS OF BAXVAXD COLLEGE OBSERVATORY 



Plate 


Dmte 




T n 


Ex. 


Qual. 


No. z. 


Per. 0^.531790 1 


No. 9. 


Per. 0^.526544 


No. 3. 


Per. 0^.600x84 1 


y. -^. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


X 10452 


tr. 
1902 


m. d. 

5 29 


5899.564 


62 


5 


15.73 


0.286 


16 


14.89 


0.025 


30 


15.47 


0.520 


04 


X 10458 


a 


" 31 


5901.555 


60 


4 


1504 


0.189 


36 


15.04 


0.437 


09 


14.99 


O.IIO 


09 


X 10460 


a 


" 31 


' .646 


60 


3 


15.73 


0.280 


16 


14.99 


O.OOI 


42 


14.99 


0.201 


21 


X 10804 


1904 


6 I 


6633.655 


60 


3 


15-47 


0.218 


00 


15.23 


0.392 


08 


14.66 


0.586 


10 


X 10805 


u 


« 2 


6634.509 


£5 


4 


14-51 


0.028 


07 


15.73 


0.193 


39 


15.16 


0.239 


H 


X 10806 


u 


" 2 


" .566 


54 


4 


14.76 


0.085 


JI 


15.61 


0.250 


15 


15.27 


0.296 


15 


X 10808 


u 


« '2 


« .682 


50 


4 


15.47 


0.201 


05 


15.37 


0.366 


06 


15.37 


0.412 


16 


X 10967 


1905 


6 24 


7021.639 


60 


3 


14.32 


0.512 


02 


14.71 


0.460 


07 


15.37 


0.251 


03 


X 10973 


u 


" 26 


7023.629 


60 


4 


15.73 


0.415 


20 


15.73 


0.345 


24 


15.37 


0.440 


17 


X 10974 


u 


" 26 


" .678 


60 


3 


14.71 


0.464 


39 


15.37 


0.394 


05 


15.73 


0.489 


19 


X 12123 


1908 


8 3 


8157.558 


60 


4 


14.32 


0.494 


13 


14.99 


0.003 


41 


14.66 


0.021 


02 


MW 82 


I9I2 


5 10 


9533.816 


10 


4 


15.52 


0.270 


03 


14.66 


0.398 


64 


14.66 


0.058 


08 


MW 84 


a 


" 10 


« .888 


10 


5 


15.73 


0.342 


15 


14.66 


0.469 


05 


14.99 


0.130 


02 


MW 85 


a 


« 10 


" .914 


10 


4 


15.57 


0.368 


01 


• • • • 


.... 


. . 


15.16 


0.156 


12 


MW 86 


a 


« 10 


" .947 


25 


5 


15-73 


0.401 


18 


14.71 


0.002 


13 


15.37 


0.189 


23 


MW 105 


a 


" 14 


9537.761 


10 


5 


14.71 


0.041 


18 


15.47 


0.132 


35 


15.61 


0.401 


08 


MW 106 


a 


" 14 


« .786 


10 


5 


14.89 


0.066 


18 


15.47 


0.157 


24 


15.37 


0.426 


16 


MW 107 


u 


" 14 


" .812 


10 


5 


14.99 


0.092 


09 


15-73 


0.183 


41 


15.47 


0.452 


07 


MW 108 


a 


" 14 


" .836 


10 


5 


15.32 


O.II6 


29 


1547 


0.207 


09 


15.47 


0.476 


08 


MW 109 


a 


« 14 


" .874 


10 


4 


15.37 


0.154 


13 


15.61 


0.245 


15 


15.73 


0.514 


21 


MW no 


u 


« 14 


« .899 


10 


4 


15.52 


0.179 


19 


15.47 


0.270 


02 


15.47 


0.539 


06 


MW III 


u 


" 14 


" .924 


10 


4 


15.73 


0.204 


30 


15.52 


0.295 


02 


14.89 


0.564 


04 


MW 112 


a 


" 14 


" .950 


10 


3 


15-47 


0.230 


03 


15-47 


0.321 


03 


14.76 


0.590 


04 


J. D. 


No. 4' 


Per. 0^.449^ 


ija 


No. s. 


Per. o'.S45 


003 


No. 6. 


Per. 0^.548 


83 


No. 7. 


Per. o'.404383 


No. 8. 


Per. 0^.546933 1 


Magn. 


Plttse 


Res. 


Magn. 


Phase 


Res. 


MagD. 


Phase 


Res. 


Main. 


Phase 


Res. 


Magn. 


Phase 


Res. 


1145-794 


.... 


• • • • 


• • 


14.27 


0.514 


16 


13.83 


0.044 


62 


• • • > 


• « • • 


• • 


14-56 


0.034 


OS 


1148.796 


14.56 


0.347 


97 


• • • • 


• • • • 


• • 


14.66 


0.302 


47 


• • • • 


• • • • 


• • 


14.94 


0.305 


63 


"SS.796 


• • • • 


.... 


• • 


• • • • 


• • • • 


• • 


• • • • 


• • • • 


. . 


• • • • 


• • • • 


• • 


• • • • 


• • • • 


• • 


1161.809 


15." 


0.321 


42 


• • • • 


• • • • 


• • 


I5.II 


0.143 


28 


14.56 


0.473 


18 


14.94 


0.209 


41 


1174.794 


• • • • 


• ■ ■ • 


• • 


14.56 


0.035 


22 


14.17 


0.505 


33 


14.66 


O.IIO 


32 


• > • • 


• • • • 


• ■ 


1178.785 


■ • • • 


• • • • 


• • 


14.17 


0.205 


114 


14.66 


0.105 


06 


• • • • 


• • • • 


• • 


• • • • 


• • • • 


• • 


1 199.701 


14.99 


0.443 


61 


14.89 


0.377 


70 


14.66 


0.166 


22 


■ • • • 


• • • • 


• • 


• • • • 


• • • • 


• • 


3346.540 


15.73 


0.290 


21 


14.89 


0.179 


33 


14.22 


0.531 


01 


14.61 


0.032 


18 


14.66 


0.052 


00 


33<56.544 


14.56 


0.060 


01 


14.56 


0.531 


25 


14.94 


0.228 


07 


15.73 


0.260 


01 


15.73 


0.392 


13 


3369.698 


14.89 


0.067 


27 


14.89 


0.409 


70 


14.56 


0.089 


08 


14.66 


0.448 


44 


• • • • 


a • • • 


• • 


3370.528 


14.27 


0.447 


01 


14.89 


0.147 


21 


14.99 


0.370 


19 


15.83 


0.289 


06 


14.32 


0.006 


02 


3371.529 


14.66 


0.099 


16 


14.61 


0.057 


14 


14.89 


0.273 


20 


15.73 


0.301 


04 


15.73 


0.461 


16 


3374.502 


15.73 


0.374 


21 


15.47 


0.300 


06 


14.56 


0.502 


04 


15.47 


0.308 


30 


15." 


0.156 


05 


'^ .538 


14.94 


0.410 


45 


15.37 


0.336 


20 


14.27 


0.538 


05 


15.73 


0.344 


06 


15.57 


0.192 


27 


3376.502 


15.37 


0.126 


36 


15.II 


O.I16 


23 


15.37 


0.307 


24 


15.83 


0.331 


04 


14.56 


0.518 


31 


'^ .543 


15.37 


0.167 


13 


15.42 


0.157 


29 


I5.II 


0.348 


06 


15.42 


0.372 


36 


14.32 


0.012 


01 


« .584 


15.73 


0.208 


34 


15.42 


0.198 


14 


15.37 


0.389 


18 


15.47 


0.413 


26 


14.89 


0.053 


25 


" .677 


15.16 


0.301 


37 


i5'7 


0.291 


• • 


15.42 


0.482 


32 


14.22 


O.OII 


07 


15.21 


0.146 


09 


3377.578 


15.73 


0.303 


20 


14.94 


O.IOI 


15 


I5.II 


0.285 


00 


15.73 


0.418 


03 


14.99 


0.501 


19 


3378.579 


15.21 


0.405 


22 


14.27 


O.OIO 


03 


14.94 


0.189 


01 


15.78 


0.430 


11 


15.37 


0.410 


2J 


3380.500 


14.94 


0.078 


30 


15.73 


0.293 


20 


14.99 


0.463 


i6 


15.73 


0.373 


05 


15.04 


0.146 


09 


« .602 


15.47 


0.180 


17 


15.42 


0.395 


18 


14.61 


0.016 


31 


14.27 


0.475 


10 


15.47 


0.248 


00 


3390.604 


15.II 


0.290 


4^ 


14.22 


0.025 


10 


14.66 


0.139 


14 


14.94 


0.095 


07 


15.73 


0.418 


13 



OBSERVATIONS OF THE VARIABLES IN MESSIER 5 



"S 



J.D. 


No. 4. 


Per. o^w|4063a 


No. 5. 


Per. ©'.545903 


No. 6. 


Per. 0^.54883 


No. 7. 


Per. 0^.404383 


No. 8. 


Per. 0^.546222 1 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Ra. 


Magn. 


Phase 


Res. 


3408.568 


15.73 


0.268 


24 


15.37 


0.520 


97 


14.66 


0.541 


46 


15-73 


0.262 


00 


15-73 


0.356 


13 


3409.544 


15.78 


0.345 


25 


15.73 


0.404 


13 


15.37 


0.419 


17 


15-47 


0.249 


23 


15.37 


0.240 


07 


" .623 


14.99 


0.424 


II 


15.73 


0.483 


58 


14.89 


0.498 


09 


15-47 


0.328 


31 


15.42 


0.319 


16 


3411.603 


15-37 


0.156 


17 


15.47 


0.280 


03 


15.37 


0.283 


27 


15-83 


0.330 


05 


14.89 


O.II4 


12 


3412.560 


15-73 


0.214 


32 


15-37 


0.145 


29 


14.89 


0.142 


06 


15-78 


0.299 


01 


1.422 


0.525 


43 


3413-569 


15-83 


0.323 


30 


14.66 


0.062 


14 


14.66 


0.053 


16 


15-73 


0.319 


05 


15-73 


0.441 


14 


3414.620 


14.61 


0.026 


33 


14.66 


0.021 


35 


14.66 


0.007 


43 


1583 


0.381 


06 


15-73 


0.400 


13 


3415-489 


14.22 


0.445 


08 


15.37 


0.344 


20 


15. II 


0.327 


04 


15-73 


0.261 


01 


15-47 


0.177 


23 


" .531 


14.27 


0.037 


10 


15.42 


0.386 


18 


14.99 


0.369 


19 


15-47 


0.303 


30 


15-42 


0.219 


04 


"" -572 


14.66 


0.078 


00 


15.73 


0.427 


15 


14.89 


0.410 


30 


15-73 


0.344 


06 


15-37 


0.260 


12 


« .614 


15-37 


0.120 


37 


15.83 


0.469 


46 


15.37 


0.452 


20 


15-73 


0.386 


03 


15.73 


0.302 


17 


3419.548 


14.22 


0.008 


00 


14.17 


0.036 


18 


14.27 


0.544 


07 


15-73 


0.365 


06 


15.47 


0.412 


13 


3422.494 


15-37 


0.256 


12 


14.89 


0.253 


55 


14.61 


0.197 


33 


15-73 


0.345 


06 


14.89 


0.081 


04 


"^ -S9I 


15-37 


0.353 


16 


15.37 


0.350 


21 


14.89 


0.294 


23 


15-42 


0.442 


03 


15.37 


0.178 


14 


3423.506 


15.21 


0.369 


31 


14.89 


0.173 


31 


14.61 


O.II2 


13 


15-83 


0.368 


03 


14.27 


0.000 


02 


3666.649 


• • • • 


• • • • 


9 9 


16.0 


0.389 


• • 


14.56 


0.123 


19 


15-78 


0.275 


04 


15.05 


0.074 


27 


3673.681 


15.27 


0.099 


46 


15.47 


0.324 


10 


14.61 


0.020 


29 


15-73 


0.385 


04 


14.27 


0.006 


03 


3693.638 


15-21 


0.272 


2g 


14.27 


0.083 


37 


14.71 


0.219 


29 


14.66 


0.073 


03 


^5-3 


0.299 


• • 


3694-577 


• • • • 


• • • • 


• • 


14.66 


0.476 


54 


14.56 


0.060 


02 


14.66 


0.023 


30 


15.16 


0.145 


03 


« .615 


15.73 


0.349 


20 


14.89 


0.514 


40 


14.89 


0.098 


20 


14.66 


0.061 


04 


15.61 


0.183 


35 


3695.519 


15.47 


0.354 


06 


15.96 


0.326 


41 


15-16 


0.454 


01 


14-56 


0.471 


14 


14.42 


0.541 


15 


"^ .561 


15.42 


0.396 


06 


15.42 


0.368 


16 


14.89 


0.496 


01 


14.66 


0.018 


34 


14.66 


0.037 


II 


« .602 


14.76 


0.437 


16 


15.57 


0.409 


03 


14.66 


0.537 


45 


14.79 


0.059 


19 


14.76 


0.078 


05 


« .644 


14.32 


0.030 


01 


15.78 


0.451 


28 


14.71 


0.030 


35 


15-21 


O.IOI 


30 


15.16 


0.120 


13 


3698.504 


14.94 


0.192 


40 


14.61 


0.036 


26 


14.89 


0.146 


06 


14.89 


0.489 


64 


15.42 


0.249 


05 


3699-499 


I5.II 


0.288 


41 


15.42 


0.485 


42 


14.61 


0.043 


17 


14-42 


O.OOI 


16 


15-37 


O.151 


23 


" .542 


15.83 


0.331 


30 


14.66 


0.528 


33 


• • • • 


• • • • 


• • 


14.66 


0.044 


14 


14.99 


0.194 


31 


" .584 


15.73 


0.373 


21 


14.76 


0.024 


43 


15.II 


0.128 


34 


14.94 


0.086 


14 


15.61 


0.236 


19 


3713.513 


15.37 


0.363 


16 


15.42 


0.305 


II 


14.89 


0.336 


27 


15-73 


0.172 


37 


14.89 


0.510 


16 


« .680 


14.66 


0.080 


04 


14.99 


0.4/2 


33 


14.56 


0.503 


17 


15-78 


0.339 


01 


15-05 


0.130 


02 


3717-517 


Ib.2I 


0.320 


32 


14.22 


0.^88 


R 


14.2/ 


0.498 


61 


14.94 


0.221 


65 


15.11 


0.144 


01 


« .692 


14.22 


0.046 


22 


14.22 


O.II7 


R 


14.61 


0.125 


15 


15-73 


0.396 


03 


15.78 


0.319 


20 


« .817 


• • • • 


• ■ • • 


m m 


15-6 


0.242 


• • 


14.56 


0.250 


50 


14.61 


0.027 


21 


15.68 


0.444 


09 


3724.535 


14.94 


0.144 


JP 


15.27 


0.409 


32 


I5.II 


0.382 


08 


15-99 


0.318 


21 


14.99 


0.061 


28 


« .676 


15-37 


0.285 


'5 


14.27 


0.004 


03 


14.42 


0.523 


15 


14-56 


0.459 


14 


15.11 


0.202 


22 


3748.572 


15-21 


0.351 


32 


15.08 


0.426 


50 


14.66 


0.270 


42 


14.99 


0.130 


XI 


14.79 


0.064 


06 


3775.556 


15-37 


0.357 


IS 


14.66 


O.II5 


22 


14.89 


0.361 


29 


• • • • 


• • • • 


• m 


15.30 


0.283 


23 


3960.869 


• • • • 


• • • • 


• • 


• • • • 


• • • • 




• • • • 


■ > • • 




• • • • 


• a • • 


• • 


• • • • 


• • ■ • 


• • 


4014.745 


15.42 


0.341 


II 


• > • • 


• • • • 




• • • • 


• • • • 




15.21 


0.325 


57 


15.21 


0.227 


19 


4037.635 


• • • • 


• • • • 


• • 


• • • • 


• • • • 




• • • > 


• a ■ • 




• a a • 


• • a > 


• • 


• • • • 


• • • • 


• m 


" .663 


• • ■ • 


• • • • 


• • 


■ • • • 


• • • • 




• • • • 


• • • • 




• • • • 


• • • • 


• • 


a a • • 


.... 


9 • 


4041.675 


• • • • 


« • • • 


• • 


• ■ • • 


• • a • 




• > ■ • 


• • • • 




• • • • 


• • • • 


• • 


• • • • 


• • • • 


• • 


4052.600 


15.11 


0.427 


00 


15.58 


0.387 


02 


14.82 


0.246 


22 


15.21 


0.113 


21 


15.58 


0.393 


03 


4058.548 


14.99 


0.081 


31 


15.58 


0.330 


02 


15-26 


0.157 


42 


15-26 


0.128 


19 


15.26 


0.332 


33 


« .662 


15-58 


0.195 


23 


15.98 


0.444 


43 


15.26 


0.271 


18 


15-83 


0.242 


16 


15.47 


0.446 


12 


** .780 


is-58 


0.313 


05 


14.51 


0.016 


20 


15.37 


0.389 


18 


15-83 


0.360 


04 


14.40 


0.018 


02 


« .854 


15-47 


0.387 


04 


15.26 


0.090 


56 


15.II 


0.463 


05 


15-58 


0.434 


02 


14.89 


0.092 


02 


4066.635 


14.61 


0.074 


04 


15.47 


0.228 


10 


14.32 


0.012 


OS 


15-98 


0.305 


21 


15.26 


0.226 


13 


4067.636 


15-47 


0.176 


20 


14.89 


0-137 


^3 


15.06 


0.464 


09 


15-98 
15.98 


0.317 


20 


15.06 


0.135 


04 


4069.560 


15-58 


0.301 


05 


15.26 


0.424 


32 


14.71 


0.193 


23 


0.264 


25 


15.47 


0.420 


il 



ii6 



ANNALS OF HARVASD COLLEGE OBSERVATORY 



J. D. 


No 4- 


Per. o^^4Q63a 


No. 5. 


Per. o'.S45903 


No. 6. 


Per. 0^.54883 


No. 7. 


Per. o'.404383 


No. 8. 


Per. 0^.546332 1 


li»ga. 


Phase 


Res. 


Ma«n. 


Phue 


Res. 


Magn. 


Phase 


Res. 


Macn. 


Phase 


Res. 


Ittga. 


Phase 


Res. 


4069.79s 


14.71 


0.087 


01 


14.71 


O.II3 


16 


14.99 


0.428 


21 


14.22 


0.004 


04 


14.71 


0.109 


2Q 


4070.65s 


14.40 


0.047 


04 


15.26 


0.427 


32 


14.71 


0.190 


22 


15.73 


0.370 


04 


15.47 


0.422 


13 


4071.538 


14.40 


0.031 


07 


15.21 


0.218 


H 


14.12 


0.524 


16 


15.83 


0.264 


10 


15.37 


0.213 


00 


" .747 


15-37 


0.240 


09 


15.37 


0.427 


21 


14.82 


0.184 


10 


14.12 


0.473 


28 


15.58 


0.422 


02 


4072.S38 


14.99 


0.132 


07 


14.61 


0.126 


35 


14.82 


0.426 


38 


15.98 


0.275 


24 


14.99 


O.I2I 


04 


" .745 


15.26 


0.339 


27 


15.26 


0.333 


30 


14.51 


0.085 


12 


14.22 


0.482 


06 


15.58 


0.328 


01 


4073.553 


15.73 


0.248 


25 


14.40 


0.049 


01 


14.82 


0.344 


34 


15.98 


0.302 


20 


14.61 


0.043 


01 


" .758 


14.61 


0.003 


40 


15.37 


0.254 


07 


14.22 


0.549 


02 


1432 


0.012 


02 


15-47 


0.248 


01 


4074.561 


15.58 


0.356 


05 


15.06 


O.5II 


52 


14.99 


0.254 


06 


15.98 


0.321 


20 


14.99 


0.505 


16 


4085.663 


15.58 


0.218 


16 


15.26 


0.149 


14 


15.21 


0.380 


02 


14.61 


0.052 


04 


15.11 


0.136 


00 


4086.608 


1--.58 


0.263 


08 


15.06 


0.003 


76 


• « > • 


a • • • 


a • 


.14.32 


O.C08 


05 


14.61 


0.535 


24 


4092.573 


15.47 


0.383 


04 


15.II 


0.509 


59 


15.06 


0.155 


21 


14.22 


0.041 


26 


i<;.26 


0.492 


12 


4093.532 


14.40 


0.443 


00 


15.47 


0.376 


^3 


14.32 


0.016 


05 


1^.40 


O.OII 


12 


15.58 


0.358 


03 


« .762 


15.26 


0.223 


iS 


15.06 


0.060 


56 


15.58 


0.246 


54 


15-58 


0.241 


10 


14.82 


0.042 


23 


4133.607 


14.17 


0.051 


30 


14.22 


0.054 


25 


14.32 


0.026 


04 


14.61 


0.041 


12 


14.32 


0.013 


01 


4147.519 


14.51 


0.024 


20 


16.20 


0.318 


65 


14.94 


0.218 


04 


14.66 


O.IIO 


32 


15.37 


0.269 


13 


4437.629 


14.66 


0.122 


36 


14.17 


0.008 


^3 


14.22 


0.545 


02 


14.32 


0.017 


01 


15.78 


0.335 


18 


4795.632 


15.47 


0.218 


05 


16.0 


0.445 


• • 


• • • • 


• • • • 


• • 


• • • • 


a • a • 


• a 


14.56 


0.017 


20 


4846.568 


15.47 


0.345 


06 


14.32 


0.066 


21 


14.51 


0.057 


01 


14.66 


0.102 


25 


I5.II 


0.154 


04 


4860.582 


15.73 


0.421 


61 


16.20 


0.432 


63 


15.16 


0.351 


01 


15.61 


0.273 


12 


14.66 


0.512 


34 


4876.513 


14.99 


0.165 


25 


14.51 


0.532 


20 


14.89 


0.365 


29 


15.47 


0.384 


2g 


14.89 


0.057 


22 


4886.535 


15.78 


0.295 


2K 

«. 


15.47 


0.182 


24 


14.89 


0.509 


19 


14.56 


0.023 


22 


15.78 


0.247 


32 


5560.608 


15.83 


0.370 


31 


14.71 


0.065 


18 


14.99 


0.069 


41 


15.83 


P.252. 


13 


15.61 


0.282 


09 


5562.605 


15.16 


O.II9 


16 


16.15 


0.424 


57 


16.15 


0.420 


95 


15.73 


0.272 


00 


14.89 


0.094 


02 


5563.594 


15.78 


0.208 


38 


16.3 


0.321 


• • 


15.47 


O.3II 


33 


15.47 


0.272 


26 


14.89 


0.537 


55 


5579.551 


15.21 


0.428 


21 


15.47 


0.447 


05 


14.94 


0.352 


23 


15.83 


0.409 


10 


14.89 


0.107 


09 


5581.558 


15.21 


0.187 


II 


15.21 


0.270 


27 


14.89 


0.164 


02 


15.37 


0.438 


19 


15.37 


0.47. 


15 


5899.564 


15.37 


0.303 


16 


14.56 


o.oic 


25 


14.99 


0.397 


20 


14.66 


0.062 


03 


14.45 


0.034 


08 


5901.555 


14.66 


0.046 


23 


15.73 


0.368 


13 


14.89 


0.193 


05 


14.71 


0.075 


00 


15.47 


0.386 


14 


« .646 


14.89 


0.137 


19 


15.47 


0.459 


01 


15.16 


0.284 


05 


15.47 


0.166 


14 


16.10 


0.477 


59 


6633.655 


15.16 


0.14- 


03 


• • • • 


• • • • 


• • 


14.99 


0.154 


13 


14.17 


0.488 


09 


14.56 


0.003 


28 


6634.509 


14.89 


O.IOO 


05 


14.99 


0.174 


22 


15.37 


0.459 


21 


15.73 


0.354 


06 


15.73 


0.310 


16 


" .566 


14.99 


0.157 


21 


15.16 


0.231 


^3 


14.56 


0.516 


21 


16.15 


O.4II 


43 


15.47 


0.367 


14 


« .682 


15.37 


0.273 


14 


• • • • 


• • • • 


• • 


14.66 


0.083 


03 


14.27 


0.032 


16 


15.16 


0.483 


31 


7021.639 


14.71 


0.097 


10 


i.«>.47 


0.259 


01 


14.66 


O.II5 


07 


15.73 


0.382 


04 


15.16 


0.169 


06 


7023.629 


15.47 


0.288 


05 


14.66 


0.065 


14 


14.89 


0.459 


27 


15.83 


0.394 


07 


14.71 


0.520 


05 


« .678 


1547 


0.337 


07 


14.71 


0.II4 


16 


14.66 


0.508 


18 


15.73 


0.443 


28 


14.32 


0.023 


10 


8157.558 


15.73 


0.245 


25 


15.16 


0.154 


04 


14.89 


0.505 


39 


15.37 


0.209 


17 


15.73 


0.492 


35 


9533.816 


15.73 


0.180 


43 


15.73 


0.I9I 


46 


15.37 


0.297 


25 


14.99 


0.104 


04 


15.37 


0.271 


14 


« .888 


1573 


0.252 


24 


15.83 


0.263 


36 


15.37 


0.369 


19 


15.37 


0.176 


00 


15.61 


0.343 


01 


" .914 


15.47 


0.278 


05 


15.47 


0.289 


03 


15.37 


0.395 


18 


15.16 


0.202 


35 


15.73 


0.369 


12 


" .947 


16.10 


0.3 1 1 


56 


15.83 


0.322 


28 


15.47 


0.428 


27 


15.47 


0.235 


17 


15.37 


0.402 


24 


9537.761 


14.71 


0.078 


04 


16.10 


0.314 


56 


15.37 


0.400 


18 


14.56 


0.094 


30 


15.47 


0.392 


14 


« .786 


14.71 


0.103 


14 


15.78 


0.339 


21 


15.16 


0.425 


04 


14.76 


O.II9 


26 


15.73 


0.417 


12 


« .812 


14.99 


0.129 


04 


15.83 


0.365 


24 


15.47 


0.451 


30 


14.66 


0.145 


54 


15.47 


0.443 


13 


" .836 


15.37 


0.153 


19 


15.73 


0.389 


13 


15.37 


0.475 


24 


14.99 


0.169 


35 


15.73 


0.467 


19 


« .874 


15-73 


0.I9I 


40 


16.51 


0.427 


92 


14.99 


0.513 


54 


15.16 


0.207 


36 


15.16 


0.505 


00 


« .899 


15.73 


0.216 


31 


16.20 


0.452 


70 


14.66 


0.538 


45 


15.47 


0.232 


16 


14.66 


0.530 


16 


" .924 


15-73 


0.241 


25 


15.83 


0.477 


68 


14.56 


0.014 


29 


15.73 


0.257 


02 


14.22 


6.009 


to 


" .950 


15.83 


0.267 


32 


14.89 


0.503 


27 


14.66 


0.040 


22 


15.47 


0.283 


2g 


14.27 


0.035 


25 



OBSERVATIONS OF THE VARIABLES IN MESSIER 5 



117 



J.D. 


No. g. Per. 0^.698894 


No. 10. Per. 0^.530664 


No. II. Per. 0^.595894 


No. 12. Per. 0^.467723 


No. 13. Per. 0^.513121 


No. 14. Per. 0^.487940 1 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 
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10 


4846.568 


15.78 


0.518 


29 


15.47 


0.334 


02 


15.27 


0.276 


03 


14.51 


0.436 


00 


14.61 


0.124 


22 


14.51 


0.021 


01 


4860.582 


15-61 


0.554 


II 


14.27 


0.020 


00 


14.27 


0.584 


II 


15.37 


0.418 


17 


15.47 


0.284 


24 


14.56 


0.393 


67 


4876.513 


15.37 


0.410 


05 


14.32 


0.031 


01 


15.42 


0.426 


01 


14.27 


0.446 


00 


15.37 


0.308 


II 


15.73 


0.245 


36 


4886.535 


14.71 


0.648 


06 


14.89 


0.501 


34 


14.99 


0.318 


32 


15.42 


0.178 


02 


14.99 


0.068 


47 


14.56 


0.035 


00 


5560.608 


15.37 


0.288 


17 


14.66 


O.IOO 


09 


15.16 


0.435 


26 


15.83 


0.264 


14 


14.99 


0.413 


18 


15.47 


0.255 


09 


5562.605 


14.89 


0.188 


03 


14.56 


0.505 


16 


14.56 


0.049 


26 


15.73 


0.390 


00 


15.30 


0.358 


05 


15.47 


0.303 


07 


5563.594 


15.37 


0.479 


10 


15.47 


0.433 


00 


15-37 


0.442 


05 


14.61 


0.444 


31 


15.37 


0.320 


II 


15.42 


0.317 


02 


5579.551 


15." 


0.361 


25 


14.89 


0.470 


51 


15.21 


0.310 


09 


14.22 


0.030 


21 


15." 


0.371 


^3 


15.32 


0.195 


05 


5581.558 


15." 


0.271 


03 


15.61 


0.354 


16 


15-47 


0.529 


10 


15." 


0.167 


23 


15.04 


0.325 


22 


15-30 


0.253 


08 



OBSERVATIONS OF THE VARIABLES IN MESSIER 5 



119 



J.D. 


No. 9. Per. o<.698894 


• 

No. 10. Per. 0^.530664 


No. II. Per. 0^.5958 


94 No. 12. Per. 0^.467722 


No. 13. Per. 0^.513x21 


No. 14. Per. 0^.487240 1 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase R 


.t&. Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


5899-564 


15.16 


0.281 


02 


14.89 


0.493 


01 


15.16 


0.328 J 


7 14.99 


0.122 


II 


14.89 


0.196 


JP 


14.89 


0.092 


08 


5901.555 


14.89 


0.175 


02 


15.47 


0.361 


01 


15.47 


0.531 1 


15.83 


0.242 


19 


14.89 


0.135 


00 


14.99 


0.134 


03 


« .646 


15.II 


0.266 


02 


15.47 


0.452 


00 


14.17 


0.026 C 


H 15.83 


0.333 


07 


14.99 


0.226 


16 


15.16 


0.225 


18 


6633.655 


15.47 


0.533 


03 


14.89 


0.145 


08 


14.99 


0.277 2 


^5 15.73 


0.357 


03 


14.27 


O.OII 


06 


14.66 


0.399 


52 


6634.509 


14.51 


0.688 


09 


15.47 


0.468 


05 


15-47 


0.535 1 


I 15.83 


0.275 


14 


14.89 


0.352 


36 


15.47 


0.279 


07 


" .566 


14.51 


0.046 


02 


14.12 


0.525 


02 


14.12 


0.592 C 


>o 15.73 


0.332 


01 


14.99 


0.409 


19 


15.61 


0.336 


21 


" .682 


14.89 


0.162 


07 


14.71 


O.IIO 


II 


14.71 


O.II2 I 


14.32 


0.448 


08 


14.22 


0.012 


01 


14.12 


0.452 


53 


7021.639 


14.79 


0.631 


II 


15.30 


0.213 


10 


15.37 


0.334 c 


>3 15.04 


0.132 


10 


14.66 


0.075 


II 


14.79 


0.053 


17 


7023.629 


15.47 


0.524 


03 


14.56 


0.081 


07 


15.37 


0.536 C 


>2 15.83 


0.251 


16 


14.56 


0.013 


35 


14.99 


0.094 


18 


" .678 


15.61 


0.573 


12 


14.89 


0,130 


02 


14.17 


0.585 C 


>J 15.73 


0.300 


00 


14.66 


0.062 


17 


15.37 


0.143 


30 


8157.558 


14.89 


0.148 


12 


14.27 


O.5II 


02 


15.47 


0.479 c 


>5 15.27 


0.422 


27 


14.89 


0.458 


00 


15.27 


0.216 


05 


9533.816 


15.16 


0.284 


02 


15.47 


0.227 


23 


15.16 


0.222 c 


>9 15.47 


0.174 


10 


14.56 


0.012 


35 


14.66 


0.021 


14 


" .888 


15.16 


0.356 


18 


15.73 


0.299 


35 


15.61 


0.294 ;3 


13 15-83 


0.246 


17 


14.89 


0.084 


26 


14.89 


0.093 


08 


" .914 


15.37 


0.382 


03 


• • ■ ■ 


■ • • • 


• • 


15.47 


0.320 I 


5 15.73 


0.272 


03 


14.99 


O.IIO 


22 


15.08 


0.119 


13 


" .947 


14.99 


0.415 


44 


15-47 


0.358 


01 


15.47 


0.353 J 


15.47 


0.305 


26 


15.47 


0.143 


54 


15.05 


0.152 


07 


9537.761 


14.51 


0.035 


05 


15.47 


0.457 


01 


14.12 


0.592 c 


>o 15.73 


0.377 


02 


15.47 


0.365 


22 


14.71 


0.068 


05 


« .786 


14.56 


0.060 


03 


15.37 


0.482 


12 


14.17 


0.021 c 


)2 15.83 


0.402 


29 


15-47 


0.390 


24 


14.89 


0.093 


09 


" .812 


14.61 


0.086 


03 


14.17 


0.508 


^3 


14.51 


0.047 ^ 


^2 15.37 


0.428 


52 


15.47 


0.416 


29 


14.89 


0.119 


06 


" .836 


14.56 


O.IIO 


op 


14.12 


O.OOI 


05 


14.51 


0.071 1 


14.32 


0.452 


10 


15.61 


0.440 


54 


14.99 


0.143 


08 


" .874 


14.71 


0.148 


06 


14.56 


0.039 


19 


14.66 


0.109 c 


>5 14.32 


0.022 


05 


14.56 


0.478 


03 


14.99 


0.181 


24 


« .899 


14.66 


0.173 


21 


14.66 


0.064 


14 


14.66 


0.134 c 


)6 14.71 


0.047 


14 


14.32 


0.503 


10 


15.37 


0.206 


07 


" .924 


15.16 


0.198 


23 


14.99 


0.089 


33 


14.99 


0.159 ^ 


7 14.99 


0.072 


22 


14.32 


0.015 


10 


15-47 


0.231 


II 


" .950 


14.79 


0.224 


24 


14.99 


0.II5 


16 


14.99 


0.185 c 


>5 14.89 


0.098 


06 


14.56 


0.041 


19 


15.47 


0.257 


09 


J.D. 


No. 15. Per. 0^.507743 


No. 16. Per. 0^.647622 


No. 17. Per. not det 


'd. No. 18. Per. 0^.464007 


No. 19. Per. 0^.469952 


No. 20. Per. 0^.609480 1 


Magn. 


Phase 


Res. 


M*c", 


Phase 


Res. 


Magn. 


Phase F 


.es. Mags. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


1145.794 


14.66 


0.472 


22 


• • • • 


• • • • 


• • 


• ■ • • 


■ • • • * 


• • • • • 


• • • • 


• • 


14.66 


0.454 


28 


• • • • 


• • • • 


• • 


1148.796 


14.66 


0.428 


46 


■ ■ • ■ 


■ • • • 


• ■ 


• • • • 






. 15.16 


0.426 


II 


14.99 


0.166 


35 


• • • • 


• • • • 


• • 


1155.796 


• • • • 


• • • • 


m m 


14.27 


0.086 


15 


• • • • 






• 15.0 


0.002 


• • 


• • • • 


• • • • 


• • 


• • • • 


• • • • 


• • 


I161.809 


• • • • 


• • • • 


• • 


14.94 


0.270 


28 


• • • • 






. 15.11 


0.447 


36 


14.27 


0.021 


06 


14.94 


0.108 


30 


1174.794 


• • • • 


• • • • 


• • 


• • • • 


• • • • 


m m 


■ • • • 






• • • ■ • 


■ • • • 


• • 


• • • ■ 


■ • • • 


• • 


• • • • 


• • • • 


• • 


1178.785 


14.66 


0.460 


28 


15.16 


0.408 


27 


14.66 






. 15,1 


0.255 


• • 


14.94 


0.078 


14 


14.56 


0.019 


23 


1 199.701 


14.99 


0.050 


i6 


14.61 


0.600 


05 


14.56 






■ 15-6 


0.290 


• • 


• ■ • • 


• • • • 


• ■ 


14.89 


0.213 


09 


3346.540 


14.66 


0.152 


37 


15.37 


0.572 


01 


14.17 






■ 15-47 


0.169 


19 


15.73 


0.415 


36 


15.42 


0.463 


12 


3366.544 


15.21 


0.354 


07 


15-73 


0.500 


23 


I5.II 






• 15-47 


0.221 


04 


15.73 


0.2II 


17 


15.21 


0.354 


04 


3369.698 


15.11 


0.462 


18 


15.42 


0.416 


01 


14.94 






. 15.16 


0.126 


02 


14.66 


0.075 


II 


• • • • 


• • • • 


• • 


3370.528 


15. II 


0.276 


17 


14.56 


0.598 


17 


14.27 






• 14.27 


0.028 


37 


14.66 


0.435 


01 


14.27 


0.072 


26 


3371.529 


15." 


0.261 


15 


15.11 


0.304 


19 


15.37 






• 14-71 


O.IOI 


32 


14.27 


0.026 


06 


15.37 


0.463 


07 


3374.502 


14.94 


0.188 


19 


14.17 


0.039 


09 


15.42 






• 15.47 


0.290 


00 


15.37 


0.180 


05 


15.21 


0.389 


07 


" .538 


14.99 


0.224 


21 


14.37 


0.075 


01 


• « • • 






• J5-3 


0.326 


• • 


15.47 


0.216 


10 


15.42 


0.425 


13 


3376.502 


14.66 


0.157 


38 


14.66 


0.096 


16 


15.73 






■ 15-42 


0.434 


25 


15.47 


0.300 


26 


15. II 


0.561 


31 


" .543 


14.89 


0.198 


25 


14.89 


0.137 


19 


14.56 






• 14-27 


O.OII 


34 


15.73 


0.341 


02 


14.32 


0.602 


00 


" .584 


15.21 


0.239 


01 


15. II 


0.178 


19 


14.66 






• 14-56 


0.052 


15 


15.73 


0,382 


05 


14.51 


0.033 


13 


" .677 


15.21 


0.332 


09 


15.21 


0.271 


02 


14.61 






• 15-16 


0.145 


05 


14.22 


0.005 


08 


14.56 


0.126 


16 


3377.578 


14.94 


0.218 


24 


15.73 


0.525 


23 


15.73 






• 14-99 


0.II8 


12 


14.61 


0.436 


00 


I5.II 


0.418 


18 


3378.579 


14.99 


0.203 


17 


15.11 


0.230 


00 


15. II 






- 15-47 


0.I9I 


II 


14.27 


0.027 


07 


14.89 


0.200 


06 


3380.500 


14.89 


0.093 


00 


15.04 


0.208 


01 


15.47 






• 15-73 


0.256 


29 


14.56 


0.068 


12 


14.94 


0.292 


22 


« .602 


14.99 


0.195 


15 


15.37 


0.310 


07 


15.52 


1 




• 15-47 


0.358 


00 


15.37 


0.170 


02 


15.37 


0.394 


09 


3390.604 


14.89 


0.042 


07 


14.66 


0.598 


04 


14.61 






• 15-37 


0.152 


13 15-78 


0.303 


05 


14.56 


0.035 


16 



I20 



ANNALS OF HARVARD COLLEGE OBSERVATORY 



J.D. 


No. 15. Per. 0^.507743 


No. 16. Per. 0^.647633 


No. 17. Per. not det'd. 1 No. 18. Per. o'.4640o7 


No. ig. Per. a'.46o95> 


No. ao. P er. o'.6o948o 1 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase ] 


!les. Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. Phase 


Ret. 


3408.568 


15.16 


0.235 


06 


15.47 


0.429 


01 


15.37 




. . 14.27 


0.020 


36 


15.42 


0.409 


09 


I5.II 


0.324 


10 


3409.544 


14.94 


0.196 


20 


14.56 


0.109 


00 


15.73 




. . 14.89 


0.068 


II 


14.56 


0.445 


09 


14.56 


0.081 


00 


" .623 


15.42 


0.275 


14 


14.89 


0.188 


06 


14.56 




• 15.37 


0.147 


15 


14.56 


0.054 


00 


14.89 


0.160 


06 


3411.603 


15.37 


0.224 


17 


15.47 


0.226 


36 


14.89 




. . 15.47 


0.271 


00 


15.42 


0.154 


15 


15.37 


0.312 


17 


3412.560 


14.89 


0.165 


17 


15.73 


0.535 


23 


15.73 




.• 15.47 


0.300 


00 


15.37 


0.172 


02 


14.56 


0.050 


12 


3413.569 


14.89 


0.159 


15 


15. II 


0.249 


06 


15.83 




.. 15.73 


0.381 


27 


15.73 


0.241 


10 


15.37 


0.449 


07 


3414.620 


15.21 


0.194 


08 


14.22 


0.004 


01 


15.21 




. . 14.56 


0.040 


12 


15.47 


0.352 


26 


14.99 


0.281 


15 


3415.489 


14.89 


0.048 


07 


14.94 


0.226 


16 


15.73 




. . 14.56 


0.445 


34 


15.73 


0.281 


02 


15.47 


0.541 


40 


" .531 


14.89 


0.090 


00 


14.99 


0.268 


23 


15.73 




. . 14.27 


0.023 


36 


15.73 


0.323 


01 


14.66 


0.583 


14 


" .572 


14.89 


O.131 


07 


15.11 


0.309 


19 


15.47 




. . 14.89 


0.064 


II 


15.73 


0.364 


00 


14.27 


0.014 


06 


« .614 


15.II 


0.173 


02 


15.11 


0.351 


26 


14.61 




. . 15.II 


0.106 


07 


15.78 


0.406 


25 


14.56 


0.056 


10 


3419.548 


14.89 


0.045 


07 


15.21 


0.399 


22 


14.99 




•• 15.47 


0.328 


00 


15.21 


O.IIO 


16 


15.21 


0.333 


02 


3422.494 


15.37 


0.452 


39 


14.56 


0.107 


01 


14.61 




. . 14.32 


0.026 


31 


15.47 


0.237 


16 


14.99 


0.232 


04 


" .591 


14.99 


0.041 


17 


14.99 


0.204 


03 


14.66 




•• 15.37 


0.123 


23 


• • • • 


• • • • 


• • 


15.42 


0.329 


20 


3423.506 


15.II 


0.449 


II 


1516 


0.471 


32 


14.27 




. . 15.II 


O.IIO 


04 


15.42 


0.309 


31 


14.22 


0.025 


15 


3666.649 


15.78 


0.383 


52 


14.61 


0.109 


07 


14.61 




.. 15.05 


O.II3 


02 


14.66 


0.016 


34 


14.66 


0.595 


28 


3673.681 


14.89 


0.306 


41 


14.17 


0.017 


05 


14.32 




. . 15.47 


0.185 


13 


14.32 


0.469 


01 


15.05 


0.313 


H 


3693.638 


15.16 


0.462 


23 


15.16 


0.545 


32 


14.66 




•• 1 5-3 


0.190 


• • 


15.36 


0.218 


22 


14.66 


0.157 


17 


3694.577 


15.16 


0.385 


09 


15.05 


0.189 


10 


14.22 




.. 15.83 


0.201 


45 


15.42 


0.217 


16 


15.21 


0.487 


09 


« .615 


15.30 


0.423 


16 


15.21 


0.227 


II 


15.II 




. . 15.61 


0.239 


17 


15.61 


0.255 


06 


15.42 


0.525 


15 


3695.519 


15.05 


0.31 1 


25 


15.21 


0.483 


28 


14.89 




•• 15.47 


0.215 


05 


15.83 


0.219 


25 


15.05 


0.210 


08 


" .561 


15.21 


0.353 


08 


15.30 


0.525 


20 


15.16 




• 15.73 


0.257 


28 


15.61 


0.261 


07 


15. II 


0.252 


04 


" .602 


15.30 


0.394 


07 


15.42 


0.566 


01 


14.89 




. . 15.61 


0.298 


14 


15.93 


0.302 


20 


15.16 


0.293 


00 


" .644 


15.01 


0.436 


07 


14.56 


0.608 


03 


15.21 




.. 15.73 


0.340 


26 


16.15 


0.344 


40 


15.21 


0.335 


02 


3698.504 


15.42 


0.250 


18 


15.37 


0.230 


25 


14.61 




. . 14.94 


0.416 


39 


15.37 


0.385 


30 


14.89 0.148 


09 


3699.499 


15.05 


0.229 


16 


15.27 


0.577 


00 


14.89 




. . 14.79 


0.019 


17 


14.61 


0.440 


07 


15.21 


0.533 


03 


*" .542 


15.57 


0.272 


29 


14.27 


0.620 


02 


14.76 




.. 14.79 


0.062 


03 


14.39 


0.013 


07 


14.89 


0.576 


29 


" .584 


15.30 


0.314 


00 


14.27 


0.015 


06 


15.05 




.. 15.37 


0.104 


34 


14.66 


0.055 


10 


14.51 


0.009 


20 


3713.513 


14.94 


0.027 


14 


15.21 


0.344 


15 


14.56 




. . 14.99 


O.II2 


10 


15.73 


0.355 


01 


15.42 


0.529 


21 


" .680 


15. II 


0.194 


02 


15.30 


O.51I 


20 


14.66 




. . 15.21 


0.279 


26 


14.51 


0.052 


01 


14.76 


0.087 


19 


3717.517 


15.21 


0.477 


35 


15.37 


0.462 


II 


14.61 




•. 15.30 


0.404 


08 


15.30 


0.130 


13 


15.08 


0.267 


03 


" .692 


15.16 


0.144 


14 


14.17 


0.637 


04 


14.27 




. . 15.11 


O.II5 


00 


15.78 


0.305 


05 


15.37 


0.442 


07 


« .817 


15.05 


0.269 


22 


14.17 


O.II4 


41 


14.17 




. . 14.99 


0.240 


44 


15.37 


0.430 


57 


14.94 


0.567 


21 


3724.535 


15.II 


0.386 


14 


15.37 


0.356 


01 


14.89 




. . 14.61 


0.462 


01 


15.08 


0.098 


12 


14.66 


0.580 


13 


« .676 


14.76 


0.019 


04 


15.42 


0.497 


07 


15.37 




. . 14.99 


0.139 


21 


15.73 


0.239 


10 


14.73 


O.II2 


07 


3748.572 


14.89 


0.051 


06 


15.16 


0.431 


30 


14.99 




. . 15.64 


0.371 


17 


I5.II 


0.168 


24 


15.II 


0.238 


08 


3775.556 


14.89 


0.125 


06 


15.37 


0.215 


30 


15.30 




. . 14.89 


0.442 


16 


16.15 


0.365 


42 


15.33 


0.405 


04 


3960.869 


• • • • 


• • • • 


• • 


• • • • 


• • • • 




• t • • 




1 • • • • ■ 


• • • • 


• ■ 


• • ■ • 


• • • • 


• • 


15.47 


0.436 


17 


4014.745 


15.08 


0.167 


01 


• • • • 


• • • • 




• • • • 




. 15.11 


0.204 


27 


15.47 


0.348 


28 


15.16 


0.068 


R 


4037.635 


• • • • 


• • • ■ 


• • 


• • • • 


• • • • 




• • • • 




1 • • • « • 


• ■ • • 


• • 


• • • • 


• • • • 


• « 


15.47 


0.408 


18 


« .663 


• • • • 


• • • • 


• • 


• • • • 


• • • • 




• • • • 




1 • • • • • 


• • • • 


• • 


• • • • 


• • • • 


• • 


15.21 


0.436 


09 


4041.675 


• • • » 


• ■ • • 


• • 


• ■ • • 


• • • • 




• • • • 




• • • • • 


• • • • 


• • 


• • • • 


• ■ • • 


• • 


14.99 


O.I 81 


10 


4052.600 


15.06 


0.449 


06 


14.32 


0.077 


06 


14.82 




. 14.89 


O.OIO 


28 


15.26 


0.137 


05 


14.82 


0.136 


06 


4058.548 


15.26 


0.304 


04 


14.89 


0.196 


09 


14.51 




• 15.47 


0.390 


02 


14.40 


0.445 


10 


14.27 


0.598 


09 


« .662 


14.89 


0.418 


26 


15.26 


0.310 


04 


15-37 




. 14.82 


0.040 


14 


14.89 


0.090 


02 


14.40 


0.103 


23 


« .780 


14.82 


0.028 


02 


15.58 


0.428 


12 


15.98 




. 15.21 


0.158 


05 


15.58 


0.208 


03 


14.89 


0.221 


II 


4058.854 


15.06 


0.102 


14 


15-47 


0.502 


03 


15.98 




. 15.11 


0.232 


32 


15.47 


0.282 


24 


I5.II 


0.295 


06 


4066.635 


15.26 


0.267 


01 


15.26 


0.512 


24 


15.26 




. 14.99 


0.125 


15 


14.89 


0.073 


16 


14.82 


O.I S3 


00 


4067.636 


15.21 


0-2S3 


04 


14.99 


0.217 


07 


14.82 




. 15.11 


0.198 


26 


15.26 


0.134 


08 


14.99 


0.544 


03 


4069.560 


14.82 


0.146 


19 


14.82 


0.199 ^^ 


15.11 




. 15.26 


0.266 


20 


15.47 


0.179 


04 


14.40 


0.030 


02 



OBSERVATIONS OF THE VARIABLES IN MESSIER S 
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J.D. 


No. xs. Per. 0^.507743 


No. 16. Per. 0^.647633 


No. 17. Per. not det'd. 


No. x8. Per. 0^.464007 


No. 19. Per. 0^.460052 


No. 20. Per. o'.6o048o 1 


Magn. 


Phaae 


Res. 


Magn. 


Phaae 


Res. 


Magn. 


Phaae 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phaae 


Res. 


Magn. 


Phase 


Res. 


4069.79s 


14.71 


0.381 


54 


15.26 


0.434 


20 


15.47 


• • • t 


■ • 


14.66 


0.037 


01 


15.58 


0.414 


14 


15.21 


0.265 


II 


4070.655 


15.21 


0.225 


01 


14.04 


0.646 


16 


14.61 


• • • • 


• • 


15.21 


0.433 


00 


15.83 


0.334 


08 


15.26 


0.516 


02 


4071.538 


14.71 


0.093 


19 


14.82 


0.234 


3^ 


15.26 


• • • • 


• • 


15.58 


0.388 


14 


15.98 


0.277 


29 


14.82 


0.180 


07 


" .747 


15.26 


0.302 


04 


15.26 


0.443 


21 


14.71 


• • • • 


• • 


14.82 


0.133 


35 


14.17 


0.016 


15 


15.26 


0.389 


02 


4072.538 


14.82 


0.077 


05 


14.82 


0.586 


23 


• • • • 


• • • • 


• • 


15.06 


0.460 


46 


15.73 


0.337 


02 


14.66 


0.570 


02 


" .745 


15.26 


0.284 


03 


14.51 


0.146 


24 


15.58 


■ • • • 


• • 


15.06 


0.203 


32 


14.82 


0.074 


04 


14.99 


0.168 


14 


4073.553 


14.82 


0.077 


04 


14.66 


0.306 


R 


14.61 


■ • ■ • 


• • 


14.66 


0.083 


24 


15.98 


0.412 


54 


15.21 


0.366 


06 


" .758 


15.26 


0.282 


03 


15.37 


O.51I 


13 


15.06 


• • • • 


• • 


15.37 


0.288 


10 


15.26 


0.147 


00 


14.82 


0.571 


14 


4074.561 


14.82 


0.069 


02 


14.04 


0.019 


19 


15.37 


• • • • 


• • 


15.II 


0.163 


16 


14.17 


O.OIO 


^4 


14.66 


0.155 


16 


4085.663 


14.82 


O.OOI 


02 


14.71 


O.I 1 1 


15 


14.82 


• • • • 


• • 


14.99 


0.129 


16 


15.73 


0.303 


01 


15.06 


0.287 


09 


4086.608 


14.99 


0.438 


09 


15.73 


0.408 


30 


• • • • 


• ■ • • 


• • 


14.71 


0.146 


50 


15.58 


0.308 


16 


14.27 


0.013 


06 


4092.573 


15.26 


0.310 


04 


15.58 


0.545 


09 


15.58 


• • • • 


• • 


14.71 


0.079 


H 


15.58 


0.164 


24 


15.26 


0.493 


04 


4093.532 


15. II 


0.254 


14 


14.89 


0.209 


14 


14.71 


■ • • • 


• • 


14.82 


O.IIO 


22 


15.98 


0.183 


53 


15.06 


0.233 


03 


" .762 


14.82 


0.484 


01 


15.58 


0.439 


13 


15.58 


• • • • 


• • 


15.42 


0.340 


05 


15.06 


0.413 


39 


15.26 


0.463 


04 


4133.607 


14.99 


0.217 


19 


14.66 


O.I3I 


00 


15.21 


• • • • 


• • 


15.II 


0.280 


35 


15.42 


0.312 


32 


14.56 


0.082 


00 


4147.519 


14.94 


0.420 


21 


15.37 


0.443 


10 


14.89 


• • • • 


• • 


15.37 


0.272 


09 


14.89 


0.126 


25 


14.61 


0.585 


10 


4437.629 


14.89 


O.IOI 


02 


15.37 


0.418 


06 


14.89 


• • * • 


• • 


15.47 


0.377 


00 


16.3 


0.275 


m • 


14.51 


0.583 


00 


4795.632 


14.66 


0.145 


35 


15.42 


0.286 


18 


• • • • 


• • • • 


• • 


14.66 


0.167 


62 


15.16 


0.175 


25 


14.66 


0.212 


31 


4846.568 


15.37 


0.307 


07 


14.27 


0.060 


06 


15.37 


• • • • 


• ■ 


15.47 


0.062 


71 


15.47 


0.356 


27 


14.61 


0.561 


19 


4860.582 


14.61 


0.104 


31 


15.93 


0.474 


44 


16.15 


• • • • 


• • 


15.47 


0.156 


24 


15.37 


0.271 


32 


14.71 


0.557 


20 


4876.513 


15.21 


0.295 


09 


15.21 


0.215 


14 


14.56 


• • • • 


• • 


14.99 


0.3 1 1 


48 


16.10 


0.224 


51 


14.51 


0.032 


12 


4886.535 


14.99 


0.162 


07 


15.83 


0.522 


33 


15.83 


• • • « 


• • 


15.78 


0.125 


R 


15.42 


0.377 


28 


14.99 


0.302 


19 


5560.608 


14.79 


0.461 


14 


15.47 


0.421 


02 


16.3 


• • • ■ 


• ■ 


14.89 


0.459 


29 


14.71 


0.069 


01 


I5.II 


0.290 


05 


5562.605 


15.16 


0.426 


03 


15.42 


0.475 


07 


14.66 


• • • • 


• • 


15.78 


0.136 


R 


15.21 


0.186 


23 


15.30 


0.459 


00 


5563.594 


15.16 


0.400 


05 


14.99 


0.169 


II 


16,4 


.... 


• • 


15.37 


0.197 


00 


15.37 


0.235 


25 


14.99 


0.229 


03 


5579.551 


14.71 


0.109 


22 


14.99 


0.583 


^3 


14.66 


• • • • 


• • 


14.32 


0.378 


114 


15.47 


0.214 


10 


14.99 


0.339 


24 


5581.558 


14.71 


0.085 


17 


14.27 


0.647 


07 


15.21 


• • • • 


• • 


15.II 


0.065 


34 


15.73 


0.341 


02 


15.21 


0.518 


07 


5899.564 


15.37 


0.244 


13 


14.32 


0.023 


09 


15.42 


• • • • 


• • 


15.42 


0.226 


00 


15.42 


0.190 


05 


15.42 


0.375 


14 


5901.555 


15.04 


0.204 


12 


14.71 


0.071 


34 


15.42 


• • • • 


• • 


15.42 


0.361 


05 


15.83 


0.301 


10 


14.89 


0.538 


26 


" .646 


15.47 


0.295 


17 


14.89 


0.162 


03 


15.42 


• • • • 


• • 


14.27 


0.452 


37 


15.83 


0.392 


19 


14.32 


0.019 


01 


6633.655 


14.71 


0.139 


28 


15.73 


0.358 


36 


• • • ■ 


• • • • 


• • 


15.42 


0.258 


02 


15.42 


0.215 


^5 


14.51 


0.043 


09 


6634.509 


15.16 


0.475 


33 


15.22 


0.565 


21 


14.99 


• • • • 


• • 


15.42 


0.184 


09 


15.22 


0.130 


04 


15.32 


0.287 


17 


« .566 


14.89 


0.034 


08 


14.27 


0.622 


00 


1.527 


• • • • 


• • 


15.42 


0.241 


01 


15.73 


0.187 


28 


15.42 


0.344 


18 


« .682 


14.99 


0.150 


04 


14.71 


0.090 


27 


• • • • 


• • • • 


• • 


14.99 


0.357 


48 


15.42 


0.303 


31 


15.22 


0.460 


08 


7021.639 


15.16 


0.207 


00 


15.37 


0.417 


06 


14.27 


• • • • 


■ • 


15.57 


0.332 


10 


14.66 


0.019 


33 


15.42 


0.398 


13 


7023.629 


14.89 


0.166 


17 


15.51 


0.464 


03 


14.99 


• • • • 


• • 


14.71 


0.002 


II 


15.22 


0.129 


05 


14.51 


0.559 


34 


« .678 


15.16 


0.215 


02 


15.73 


0.513 


23 


15.22 


• • • • 


• • 


14.79 


0.051 


08 


15.42 


0.178 


00 


14.32 


0.608 


00 


8157.558 


15.23 


0.305 


07 


15.54 


0.407 


II 


15.83 


• • • • 


• • 


15.37 


0.362 


10 


14.71 


0.064 


OS 


15.22 


0.246 


17 


9533.816 


14.99 


0.072 


13 


15.73 


0.468 


24 


15.73 


• • • • 


■ • 


15.73 


0.376 


27 


15.83 


0.303 


10 


14.99 


0.298 


18 


« .888 


15.22 


0.144 


20 


15.83 


0.540 


34 


15.83 


• ■ • • 


• • 


14.99 


0.448 


24 


16.10 


0.375 


40 


14.99 


0.370 


28 


" .914 


15.47 


0.170 


39 


15.73 


0.566 


30 


15.37 


• • • • 


• • 


14.71 


0.009 


II 


15.83 


0.401 


26 


15.22 


0.396 


06 


" .947 


15.22 


0.203 


06 


14.99 


0.599 


26 


15.73 


• • • • 


• • 


14.79 


0.042 


10 


14.71 


0.434 


05 


14.99 


0.429 


30 


9537.761 


14.71 


0.463 


22 


15.83 


0.527 


33 


15.83 


• • • • 


• • 


14.99 


0.144 


22 


14.51 


0.018 


19 


14.42 


0.586 


05 


« .786 


14.66 


0.488 


16 


15.83 


0.552 


3^ 


16.05 


• • • • 


• • 


15.32 


0.169 


04 


14.71 


0.043 


26 


14.32 


0.002 


02 


« .812 


14.71 


0.006 


09 


15.73 


0.578 


50 


14.99 


• • • • 


• • 


15-42 


0.195 


05 


14.71 


0.069 


00 


14.66 


0.028 


28 


" .836 


14.71 


0.030 


09 


14.84 


0.602 


19 


14.66 


• • • • 


• • 


15.37 


0.219 


05 


14.71 


0.093 


22 


14.66 


0.052 


22 


" .874 


14.99 


0.068 


IS 


14.32 


0.640 


12 


14.71 


• • • • 


• • 


15.51 


0.257 


07 


14.79 


0.I3I 


39 


14.79 


0.090 


21 


« .899 


15.22 


0.093 


32 


14.32 


0.017 


10 


14.71 


• • • • 


• • 


15.42 


0.282 


05 


15.32 


0.156 


04 


14.66 


O.II5 


02 


" .924 


15.47 


0.II8 


53 


14.51 


0.042 


23 


14.66 


• • • • 


• • 


15.42 


0.307 


05 


15.42 


0.I8I 


01 


14.99 


0.140 


21 


" .95c 


15.32 


0.144 


30 


14.66 


0.068 


32 


14.99 


• • • • 


• • 


15.32 


0.333 


15 


15.42 


0.207 


12 


14.71 


0.166 


13 
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ANNALS OF HARVARD COLLEGE OBSERVATORY 



J.D. 


No. 21. Per. o'.6o48q4 1 


No. 3>. Per. not det 


U 1 Na 23. Per. not det'd. 1 


No. 24. Per. ©'.478377 1 


No. 15. Per. not det'd. 1 


No. 26. Per. 0^.622562 1 


Magn. 


Phase 


Res. 


Magn. 


Phue Res.! Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


M*c", 


Phase 


Res. 


1145-794 


• • • • 


• • • • 


• • 


• • • • 




• • • • • 






• • ■ ■ 


• • • • 


■ ■ 


13-83 






14.66 


0.274 


57 


1148.796 


• • • • 


• • • • 


• ■ 


• • • ■ 




• • • • • 






• • • • 


• • • ■ 


• • 


14.66 






• • • • 


• • • • 


• m 


1155-796 


• • • • 


• • • • 


• • 


• • • • 




• • » • • 






• • • • 


• • • • 


• • 


14.66 






• • • • 


• • • • 


m m 


1161.809 


14.99 


0.169 


08 


• • • ■ 




- 15-3 






■ ■ • • 


• • • • 


• • 


14.61 






• • ■ • 


• • • • 


• • 


1174.794 


• • • ■ 


• • • • 


• • 


• ■ • • 




• • • • ■ 






14.66 


0.025 


17 


14.17 






14.56 


0.014 


19 


1178.785 


• • • • 


• • • • 


• • 


• • ■ • 




• • • • • 






• • • • 


• • • • 


■ • 


14.27 






14.99 


0.269 


23 


1199.701 


14.66 


0.558 


H 


• • • • 




• • • • • 






14.61 


0.057 


06 


14.27 






14.17 


0.018 


21 


3346.540 


14.32 


0.023 


24 


15.42 




. 14.94 






15.37 


0.418 


00 


14.27 






15.47 


0.263 


26 


3366.544 


14.61 


0.065 


03 


15-73 




14.89 






15-37 


0.330 


13 


14.22 






15.42 


0.345 


09 


3369.698 


15.16 


0.195 


02 


• ■ • a 




. 14.94 






15.21 


0.135 


02 


14.22 






14.94 


0.387 


42 


3370.528 


15.47 


0.420 


00 


16.15 




. I5.II 






14.27 


0.009 


18 


14.32 






14.32 


0.594 


14 


3371.529 


15.21 


0.2II 


00 


15-42 




, . 14.89 






14-51 


0.053 


13 


14.66 






15.16 


0.350 


18 


3374.502 


14.99 


0.160 


05 


15.47 




. . 14.89 






15.21 


0.156 


08 


14.56 






14.99 


0.210 


09 


" .538 


15.II 


0.196 


03 


• ■ • ■ 




■ . 1494 






15-26 


0.192 


13 


14.66 






14.99 


0.246 


18 


3376.502 


15.47 


0.345 


04 


15.37 




■ • 14.94 






15-47 


0.242 


00 


14.71 






15.78 


0.342 


45 


" .543 


15.47 


0.386 


02 


15.37 




. . 14.99 






15.73 


0.283 


24 


14.66 




s « 


15.47 


0.383 


II 


" .584 


15.42 


0.427 


05 


15.42 




14.89 






15-78 


0.324 


28 


14.66 






15.47 


0.424 


10 


« .677 


15.47 


0.520 


00 


15.21 




. . 14.66 






15.42 


0.417 


05 


14.22 






15,6 


0.517 


• • 


3377.578 


15.37 


0.2II 


16 


15-37 




■ . 14.99 






15-47 


0.361 


03 


14.61 






15.II 


0.173 


15 


3378.579 


14.56 


0.002 


01 


15-42 




. . 14.66 






15.37 


0.406 


06 


14.66 






15.73 


0.552 


40 


3380.500 


14.89 


0.109 


01 


15.47 




. . 14.89 






15.73 


0.413 


33 


14.56 






14.51 


0.605 


IS 


« .602 


14.89 


0.2II 


32 


15.47 




. . 14.89 






14.89 


0.037 


35 


14.89 






14.56 


0.084 


08 


3390.604 


15-42 


0.535 


02 


• • • • 




. . 14.99 






14.56 


0.471 


06 


14.61 






14.66 


0.125 


16 


3408.568 


15-47 


0.352 


04 


15-42 




. . 14.89 






15-47 


0.257 


01 


14.56 






14.66 


0.035 


20 


3409.544 


14.89 


O.I18 


01 


15-42 




. . 14.71 






15-37 


0.276 


12 


14.56 






15.37 


0.389 


01 


" .623 


15.37 


0.197 


22 


15.42 




. . 14.89 






15-47 


0.355 


02 


14.27 






15-47 


0.468 


08 


3411.603 


15.37 


0.362 


07 


15-37 




. . 14.76 


• • • • 




15-73 


0.422 


38 


14.61 






14.89 


0.580 


00 


3412.560 


14.89 


0.109 


05 


15-37 




. . 14.89 






15-37 


0.422 


02 


14.56 






15-42 


0.292 


16 


3413.569 


15.73 


0.514 


26 


15-37 




. . 14.94 






14.51 


0.474 


03 


14.56 






14.66 


0.056 


12 


3414.620 


15.37 


0.355 


07 


15-37 




. . 14.94 






15.21 


0.090 


28 


14.56 






15.73 


0.484 


33 


3415.489 


14.56 


0.014 


00 


iS-78 




• . 14.99 






14.22 


0.002 


22 


14.66 






14.89 


0.108 


15 


" .531 


14.61 


0.056 


01 


15-42 




• . 14.99 






14.27 


0.044 


32 


14.56 






14.89 


0.150 


01 


" .572 


14.89 


0.097 


II 


15-47 




. . 14.94 






14.61 


0.085 


27 


14.71 






15.II 


O.I9I 


08 


" .614 


14.99 


0.139 


02 


15-73 




. . 14.99 






15.21 


0.127 


07 


14.66 






15-73 


0.233 


R 


3419.548 


15.47 


0.444 


00 


15-83 




. . 14.89 






15.16 


0.234 


31 


14.56 






14.89 


0.432 


48 


3422.494 


15.42 


0.365 


02 


• • • • 




14.89 






15.04 


0.310 


45 


14.22 






14.89 


0.265 


32 


" .591 


• • • • 


• • • • 


• • 


• • • • 




. . 14.94 






14.99 


0.407 


44 


14.27 






15.21 


0.362 


13 


3423.506 


I5-II 


0.167 


06 


15-78 




14.89 






15.16 


0.365 


33 


14.22 






14.27 


0.032 


16 


3666.649 


15.08 


0.143 


09 


15-73 




• . 14.99 






14.89 


0.014 


42 


14.61 






15.16 


0.375 


18 


3673.681 


15.47 


0.521 


00 


15-27 




.. 14.79 






15.47 


0.349 


03 


14.27 






14.76 


0.559 


52 


3693.638 


^5-5 


0.517 


• ■ 


14.63 




• 15.05 






15.21 


0.214 


23 


14.56 






14.27 


0.594 


18 


3694.577 


15.21 


0.246 


07 


15-78 




. . 14.94 






15.11 


0.196 


29 


14.73 






15.21 


0.288 


03 


« .615 


15-37 


0.284 


01 


15-93 




. . 14.99 






15-42 


0.234 


04 


14.66 






15.78 


0.326 


47 


3695.519 


14.94 


0.583 


38 


15-30 




•• 15.05 






15.21 


0.182 


16 


14.61 






14.17 


0.608 


17 


" .561 


14.51 


0.020 


05 


15-73 




. . 14.94 






15.37 


0.224 


08 


14.76 






14.56 


0.027 


14 


« .602 


14.89 


0.061 


24 


15-78 




. . 14.99 






16.15 


0.265 


66 


14.71 






14.61 


0.068 


00 


" .644 


14.89 


0.103 


07 


15-83 




. . 14.89 






16.15 


0.307 


K 


14.66 






14.61 


O.IIO 


14 


3698.504 


15.05 


0.543 


25 


15-37 




• . 14.94 






14.94 


0.296 


55 


14.61 






14.94 


0.480 


46 


3699.499 


15.37 


0.329 


03 


15-16 




•• 15.05 






15.30 


0.335 


20 


14.56 






14.89 


0.230 


24 


" .542 


15.27 


0.372 


18 


15-57 




. . 14.94 






15.93 


0.378 


45 


14.51 






15.61 


0.273 


38 



OBSERVATIONS OF THE VARIABLES IN MESSIER S 



123 



J.D. 


No. 31. Per. o'.6o4894 


No. 12. Per. not 


det'd. No. as- Per. no( 


t det'd. No. 24- P«r. 0*478377 


No. 25. Per. not del 


t'd. No. 26. Per. 0^.622562 1 


Magn. 


Phase 


Res. 


M«gn. 


Phase 


Res. Ma«ii. Phase 


Res. Magn. 


Phase 


Res. 


Magn. 


Phase I 


les. Magn. 


Phase 


Res. 


3699.584 


15.42 


0.414 


04 


15.42 




.. 14.94 .... 


.. 15.78 


0.420 


41 


14.61 




.. 15.30 


0.315 


00 


3713-513 


15.37 


0.430 


10 


15-57 




. . 14.99 • • 


.. 14.56 


0.476 


10 


14.61 




• . 15.27 


0.547 


09 


« .680 


14.56 


0.597 


01 


15-61 




. . 14.99 . • • . 


.. 15.21 


0.164 


II 


14.56 




. . 14.94 


0.092 


25 


3717.517 


15.30 


0.200 


13 


15.42 




. . 14.94 . . . 


.. 14.17 


0.174 


R 


14.66 




. . 14.89 


0.193 


14 


« .692 


15.57 


0.375 


12 


iS-78 




.. 15. II 


.. 15.37 


0.349 


^3 


14.27 




. . 14.89 


0.368 


45 


« .817 


15.68 


0.500 


21 


15-42 




.. 15.16 .... 


. . 14.61 


0.474 


IS 


14.42 




. . 14.66 


0.493 


R 


3724.535 


14.99 


0.564 


29 


15.42 




.. 1^.05 .-.. 


.. 14.27 


0.017 


20 


14.66 




. . 15.27 


0.363 


08 


« .676 


14.89 


O.I 00 


09 


15-47 




.. 15.II 


.. 15.21 


0.158 


08 


14.61 




. . 14.99 


0.504 


41 


3748.572 


15.47 


0.405 


01 


15-4 




.. 15.16 .... 


.. 15. II 


0.135 


08 


14.61 




. . 14.66 


0.120 


13 


3775.556 


15.21 


0.169 


14 


15.96 




.. 15.01 


.. 15." 


0.330 


39 


14.17 




.. 15.78 


0.334 


46 


3960.869 


15.42 


0.384 


03 


15.6 




.. 15.04 


.. 14.51 


0.033 


02 


14.32 




. . 14.99 


0.124 


i8 


4014.745 


15.37 


0.425 


10 


15-32 




.. 15.04 .... 


• • • ■ • • 


• • • • 


m m 


14.71 




» • • • • • 


• • • • 


• • 


4037.635 


15.42 


0.329 


02 


15-37 




.. 14.99 • ... 


.. 15.27 


0.258 


21 


14.51 




. . 14.89 


0.315 


41 


« .663 


I5.I 


0.357 


• • 


IS- 1 




.. 14.94 .... 


.. I3.I 


0.286 


• • 


14.42 




•• 15.37 


0.343 


04 


4041.675 


14.89 


0.135 


07 


15-73 




. . 14.94 . . . . 


.. 14.51 


0.471 


00 


14.51 




• 14.51 


0.619 


18 


4052.600 


15.26 


0.172 


18 


15-47 




. . 15.06 


. . 15.26 


0.393 


20 


14.04 




. . 15.26 


0.338 


07 


4058.548 


14.56 


0.071 


12 


15-37 




.. 14.99 .... 


.. 15.26 


0.123 


13 


14.66 




. . 14.56 


0.060 


00 


" .662 


15.06 


0.185 


06 


15-58 




. . 14.94 . . . . 


.. 15.83 


0.237 


36 


14.40 




■ . 15.06 


0.174 


09 


" .780 


15.21 


0.303 


17 


15-37 




. . 15.06 


.. 159^ 


0.355 


48 


14.22 




■• 15.37 


0.292 


12 


" .854 


15.26 


0.377 


19 


15.26 




. . 15.06 


•• 15.37 


0.429 


08 


14.40 




.. 15.58 


0.366 


24 


4066.635 


1526 


0.294 


II 


15-58 




.. 14.99 ••.. 


. . 14.66 


0.077 


14 


14.61 




14.40 


0.054 


14 


4067.636 


14.82 


0.085 


09 


15-73 




.. 15.06 


. . 15.06 


O.I2I 


07 


14.40 




. . 15.26 


0.433 


12 


4069.560 


15.26 


0.195 


II 


15-47 




. . 15.06 


. . 15.06 


0.132 


10 


14.56 




. . 15.26 


0.489 


14 


" .795 


15.37 


0.430 


10 


15-58 




. . 14.89 


•• 15.47 


0.367 


02 


14.56 




. . 14.66 


O.IOI 


06 


4070.655 


14.66 


0.080 


06 


15-58 




.. 15.06 


.. 15.37 


0.270 


12 


14.56 




. . 15.26 


0.339 


07 


4071.538 


15.37 


0.358 


06 


15-58 




. . 15.06 


. . 15.06 


0.196 


34 


14.27 




14.40 


0.599 


00 


" .747 


14.89 


0.567 


24 


15-58 




. . 15.06 


.. 15.26 


0.405 


18 


14.56 




. . 14.99 


0.186 


02 


4072.538 


14.99 


0.148 


02 


15-58 




. . 14.99 


.. 15.26 


0.240 


21 


14.40 




■ • ■ • • • 


• • • • 


• m 


" .745 


15.26 


0.355 


17 


15-47 




. . 14.99 • • . . 


. . 14.82 


0.447 


04 


14.40 




. . 15.26 


0.561 


01 


4073.553 


15.06 


0.558 


21 


iS-58 




. . 14.89 . . . . 


.. 15.58 


0.298 


09 


14.27 




. . 14.82 


0.124 


01 


" .758 


14.99 


0.158 


05 


15-58 




. . 14.99 • • • • 


.. 14.27 


0.025 


23 


14.56 




. . 15.21 


0.329 


10 


4074.561 


15.37 


0.356 


07 


15-58 




. . 15.06 


.. 15.21 


0.349 


29 


14.27 




. . 15.26 


0.509 


H 


4085.663 


14.66 


0.570 


03 


15-47 




. . 15.06 


.. 14.99 


0.448 


14 


14.27 




•• 15.47 


0.405 


10 


4086.608 


15.26 


0.306 


12 


15-37 




.. 14.99 .... 


.. 15.58 


0.437 


45 


14.22 




. . 14.82 


0.105 


09 


4092.573 


15.21 


0.222 


02 


15.26 




.. 14.89 .... 


.. 15.26 


0.183 


II 


14.40 




. . 15.26 


0.467 


^3 


4093.532 


14.66 


0.576 


06 


15-26 




.. 15.06 


.. 15.06 


0.185 


31 


14.40 




. . 14.82 


O.181 


20 


« .762 


15.06 


0.201 


II 


15-26 




.. 14.94 .... 


• • • • • « 


• • • « 


• m 


14.40 




» • • • • • 


• • • • 


• • 


4133.607 


14.89 


0.123 


03 


I -.21 




.. 15. II 


. . 14.84 


0.076 


04 


14.66 




■ . 15.16 


0.412 


21 


4147.519 


14.76 


0.122 


16 


15.37 




.. 14.76 .... 


•• 15.37 


O.II5 


29 


14.12 




. . 14.66 


0.005 


32 


4437.629 


15.47 


0.488 


00 


15.47 




. . 14.89 . . . . 


.. 15.09 


0.329 


41 


14.56 




. . 14.17 


O.OOI 


17 


4795.632 


15.37 


0.394 


09 


15.16 




.. 14.94 ... 


. . 14.56 


0.028 


05 


14.27 




. . 14.56 


0.031 


13 


4846.568 


15.78 


0.519 


31 


15.47 




.. 15.II 


.. 15.73 


0.256 


24 


14.56 




•• 15.73 


0.539 


35 


4860.582 


14.51 


0.015 


05 


15.37 




.. 14.94 .... 


.. 15.78 


0.397 


33 


14.32 




. . 15.21 


0.235 


07 


4876.513 


i5.II 


0.219 


10 


15.78 




.. 15.11 


. . 14.66 


0.063 


05 


14.56 




. . 14.37 


0.601 


00 


4886.535 


14.99 


0.563 


29 


15.42 




. . 14.89 . . . . 


. . 14.89 


0.039 


34 


14.66 




. . 14.66 


0.040 


19 


5560.608 


14.94 


0.179 


16 


15.47 




.. 14.99 .... 


. . 14.99 


0.079 


i6 


14.56 




■ • • • • • 


• • • • 


• • 


5562.605 


15.37 


0.361 


07 


15.21 




. . 14.89 


.. 15.78 


0.162 


47 


14.56 




. . 14.27 


0.008 


08 


5563.594 


14.66 


0.140 


32 


15.37 




. . 14.89 


.. 16.15 


0.195 


75 


14.61 




. . 15.93 


0-374 


58 


5579.551 


15.47 


0.370 


03 


15.47 




.. 14.99 ••• 


.. 15.47 


0.365 


02 


14.56 




. . 14.89 


0.144 


01 


5581.558 


14.89 


0.562 


19 


15.61 




.. 14.99 .... 


.. 14.56 


0.459 


08 


14.51 




. . 15.42 


0.284 


18 



Ii24 



ANNALS OF HAJEtVAlO) COLLEGE OBSERVATORY 



J.D. 


Na 21. Per. 0^.604894 


No. 23. Per. not del' 


d. No. 33. Per. not det* 


d. No. 34. Per. 0^.478377 


No. 35. Per. not det'd. 


No. 36. Per. o'.633563 1 


Magn. 


PhaM 


Res. 


Magn. I 


*ha8e R< 


s. Magn. 


Phase R< 


es. Magn. 


Phase 


Res. 


Magn. 


Phase 


Res 


Magn. 


Phase 


Res. 


5899.564 

5901555 
" .646 

6633-655 
6634.509 

" .566 

" .682 

7021.639 

7023.629 

" .678 

8157-558 
9533-816 

« .888 
" .914 

" -947 

9537-761 

« .786 

" .812 
" .836 
" -874 
" .899 
" -924 
" .950 


15-42 

14.71 
14.66 

14.89 
15-42 
15-42 
14.61 

15-73 
14.71 
14.71 
15-37 
15-57 
15.83 
15.42 

14.32 
14.89 

14.99 

15.29 
14.99 

15.62 

15.42 

15.42 

15.73 


0.394 

0.571 

0.057 
0.144 

0-393 
0.450 
0.566 
0.391 
0.566 
O.OIO 

0.319 
0.443 

0.515 
0.541 

0.574 
0.154 

0.179 

0.205 

0.229 
0.267 
0.292 

0.317 
0.343 


04 
10 

04 
10 

04 

05 
07 

28 

03 
16 

03 
10 

36 
07 

28 

14 

II 
II 

25 

30 
06 

03 
31 


15.42 . 
15.42 . 
15.42 . 
15.22 . 
15.42 . 
15.73 • 
15.37 • 

15.73 . 
15.42 , 

15.42 . 

15.37 - 
15.32 . 

15.37 • 

• • • • • 

15.37 • 
15.22 . 
15.22 . 
15.42 . 

15.32 . 
15.54 . 
15.32 . 
15.42 . 
15.25 • 




. 14.99 
. 14.89 
. 14.99 
. 14.89 
. 14.99 
. 14.99 
. 14.99 

. 14.99 
. 14.89 

. 15.22 

. 14.89 

. 14.89 

• 14.79 
. 14.99 

. 14.71 

• 14.99 
. 14.89 

• 14.99 
. 14.99 
. 14.99 

. 14.89 
. 14.99 
. 14.79 






• 15.42 
. 15.42 
. 14.66 

. 15.27 

. 14.51 
. 14.89 

• 15.27 
. 14-99 
. 15.42 

• 15.73 

• 15.37 
. 15.83 

• 14.99 
. 14.66 

14.66 
. 14.71 

• 14.79 
. 14.99 

. 14.99 

• 15.15 

. 15.37 
. 15.42 

. 15.42 


0.344 
0.421 

0.034 

0.126 

0.023 

0.080 

0.196 

0.146 

0.223 

0.272 

0.398 
0.366 

0.438 
0.464 
0.018 
0.005 
0.030 
0.056 
0.080 
O.I18 

0.143 
0.168 

0.194 


oS 

07 
II 

13 
01 

05 

24 
02 

24 
08 

34 

09 
08 

18 

27 
27 
32 

15 
06 

14 
09 

02 


14.51 
14.42 

14.51 

14.71 

14.51 
14.71 

14.71 

14.12 

13.93 
14.12 

14.66 

14.17 
14.27 

14.27 

14.27 

14.66 

14.61 

14.66 

14.56 
14.42 

14.32 
14.32 
1432 








14.99 
15.04 

15.42 

• • • • 

15.42 
15.42 
14.56 
15.42 
15.42 
14.89 
14.89 

15.73 
14.99 

14.61 

14.61 

14.71 
14.89 

14.89 

14.99 
14.99 

15.37 
15.42 

15.42 


O.161 
0.284 

0.375 

• • • • 

0.482 

0.539 

0.033 

0.379 
0.501 

0.550 
0.122 

0.518 
0.590 
0.616 
0.027 
0.105 
0.130 
0.156 
0.180 
0.218 
0.243 
0.268 
0.294 


05 
20 

07 

• • 

02 

04 

13 

07 
02 

45 

09 

ZZ 
46 

27 

19 
02 

06 

03 
00 

II 

21 

20 

16 


J.D. 


No. 37. Per. 0^.470338 


No. 38. Per. 0^.5439^ 


^8 No. 39. Per. 0^.45143 


;5 No. 30. Per. 0^.593177 


No. 31. Per. 0^.46x937 


No. 33. Per. 0^.457787 1 


Magn. 


Phaae 


Ret. 


Magn. I 


»hase JR 


a. Magn. 


Phase R( 


es. Magn. 


Phase 


Res. 


Magn. 


Phase 


Res 


Magn. 


Phase 


Res. 


1145-794 
1148.796 

1155-796 
1161.809 

1174.794 

1178.785 
1199.701 

3346.540 

3366.544 
3369.698 
3370.528 

3371-529 
3374-502 

" -538 
3376.502 

" -543 

" .584 

« .677 

3377-578 

3378-579 
3380.500 

** .602 

3390.604 


• • ■ • 

14.56 
14.66 
14.61 

• • • • 

14.27 
14.66 

15.73 

15.37 
14.66 

14.32 
14.27 

15.37 
15.21 

16.10 

15.73 

15.73 
15.16 
14.99 

14.56 
14.89 

15.37 
15." 


• • • • 

0.096 
0.041 
0.410 

• • • • 

0.454 
0.206 
0.468 
0.247 
0.109 
0.469 
0.059 
0.210 
0.246 
0.329 
0.370 
0.41 1 

0.033 
0.464 

0.054 

0.094 

0.196 

0.321 


• • 

13 
81 

• • 

33 

65 

"5 

13 
08 

16 

29 

01 

29 

52 
20 

33 

K 
48 
01 
21 
10 

47 


14.61 

14.27 
15.37 
15.73 
15.47 
15.42 
15.47 

14.89 

15.47 
15.73 
14.61 
14.61 

I5.II 
15.73 

15.37 

14.89 
15.47 
15.83 


.508 2 
.020 2 

.440 3 
.318 

.209 I 

.495 
.408 2 

.117 

.153 3 
.485 

.526 
.023 I 

.116 I 

.473 
.386 3 

.132 I 
.234 

.445 I 


P 14.61 

3 ..-. 
5 14.27 
9 15.42 

3 • • • • 
15. II 

4 15.37 

4 14.51 

5 14-56 
9 15-42 

2 15.37 

15.42 

7 15." 
4 14.89 

3 14.56 

3 15.37 

4 15.37 

1 15.83 


0.024 

0.024 2 
0.165 I 

• • • • • 

0.086 2 
0.184 
0.449 

0.033 

0.192 I 

0.233 
0.274 

0.367 3 
0.365 5 

O.OII 
0.127 2 

0.229 

0.299 3 


6 .... 
. 14.71 

• • ■ • • 

• • • • • 

• • • • • 

• • • • • 

. 14.94 
^ 15.47 

9 15.37 
. 14.94 

3 15.47 
7 14.56 
I 14.61 
I 14.99 
15.42 

4 15.47 

4 15.37 

3 15.47 

5 14.89 

4 14.99 

5 14.89 

^ 15.37 
5 14.99 


• • • • 

0.327 

• • • • 

• • • • 

« • • • 

• • • • 

0.305 
0.502 

0.372 

0.565 
0.2II 

0.028 

0.040 

0.076 

0.263 

0.304 

0.345 
0.438 

0.155 
0.564 
O.I16 
0.218 

0.153 


• • 

66 

• • 

• • 

• • 

• • 

40 

03 
07 

01 

31 
07 

04 

25 
15 
13 

02 
02 
10 

04 
02 
20 
01 


• • • • 

14.66 
14.66 
14.94 

• • • • 

14.94 
14.94 

15.37 
14.56 

• • • • 

15.16 
15.37 

15-37 

• • • • 

14.94 
14.99 

15.21 
15.16 
15.16 
14.89 

15.37 
14.89 

14.89 


• • • • 

0.021 
0.092 
O.I 00 

• • • • 

0.446 

0.II3 

0.331 

0.009 

• • • • 

0.298 

0-375 

0.II5 

• • • • 

0.267 
0.308 

0.349 

0.442 
0.419 

0.034 

0.107 
0.209 
0.049 


• ■ 

02 
46 

23 

• • 

17 

34 
II 

10 

• • 

34 
00 

08 

• • 

22 
00 

13 
38 

II 

17 
14 

oS 
14 


• • ■ ■ 

14.27 

• • • • 

14.99 

• • • • 

■ • • • 

15.21 
15.47 
15.73 

• • » • 

14.99 
15.37 

15-37 
14.17 

14.94 

15.16 

15.47 

15.47 

15.37 

15.37 
14.22 

14.66 

14.27 


• • ■ • 

0.454 

• • • • 

O.I9I 

• • • • 

• ■ • • 

0.087 
0.362 
0.224 

• • • • 

0.088 

0.173 

0.399 

0.435 
O.IIO 

O.I5I 

0.192 

0.285 

0.271 

0.356 
0.446 
0.090 
0.021 


• • 

12 

• • 

44 

• • 

• • 

29 
12 
21 

• • 

07 
00 
07 
18 

13 
II 

03 
II 

21 
22 

05 
27 

05 
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J.D. 


No. a7. Per. 0^.470328 


No. 28. Per. 04.543948 


No. 29. Per. 0^.45x435 


No. 3a Per. 0^.592177 


No. 31. Per. 0^.46x937 


No. sa. Per. 0^.457787 1 


Mmgn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


MigD. 


Phase 


Res. 


3408.568 


15-73 


0.412 


33 


15.73 


0.458 


02 


15.37 


0.206 


02 


15.37 


0.352 


04 


14.89 


0.459 


20 


IS-" 


O.I3I 


09 


3409.544 


15-78 


0.448 


ss 


15-47 


0.346 


22 


15.37 


0.279 


10 


14.71 


0.143 


25 


14.66 


0.049 


12 


IS.37 


0.192 


06 


" .623 


14.66 


0.056 


10 


15-37 


0.425 


35 


14.89 


0.358 


57 


15.37 


0.222 


18 


14.89 


0.128 


42 


15-47 


0.271 


10 


3411.603 


15-73 


0.155 


R 


15-42 


0.230 


00 


14.66 


0.081 


20 


15.37 


0.426 


10 


14.61 


0.261 


II 


IS. 42 


0.420 


42 


3412.560 


15.40 


O.171 


27 


14.89 


0.099 


04 


15.16 


0.135 


03 


15." 


0.198 


01 


14.66 


0.294 


15 


14.22 


0.003 


04 


34i3-S<^9 


15-73 


0.240 


26 


14.27 


0.020 


23 


15.37 


0.241 


05 


14.56 


0.023 


07 


15.37 


0.379 


00 


14.99 


0.097 


01 


3414.620 


15-78 


0.350 


20 


14.61 


0.527 


08 


14.56 


0.389 


So 


15-47 


0.482 


03 


14.66 


0.044 


10 


15-47 


0.232 


06 


3415-489 


15-73 


0.278 


19 


15.47 


0.308 


16 


14.94 


0.355 


53 


15. II 


0.166 


09 


14.89 


0.451 


17 


15-47 


0.186 


06 


" -531 


15-47 


0.320 


II 


15.73 


0.350 


04 


14.66 


0.397 


61 


15.37 


0.208 


23 


14.89 


0.031 


18 


15-73 


0.228 


20 


" .572 


15-47 


0.361 


II 


15.83 


0.391 


12 


14.32 


0.438 


19 


15.37 


0.249 


13 


14.89 


0.072 


03 


15-78 


0.269 


21 


« .614 


15-73 


0.403 


26 


15.83 


0.433 


II 


14.61 


0.029 


04 


15.73 


0.291 


40 


15." 


O.II4 


16 


15-73 


O.3II 


13 


3419-548 


14.27 


0.104 


46 


14.56 


0.015 


09 


15.II 


0.351 


36 


14.56 


0.080 


20 


15.21 


0.353 


16 


14.94 


0.124 


20 


3422.494 


14.99 


0.228 


44 


15.21 


0.242 


25 


15.21 


0.137 


07 


14.66 


0.065 


06 


14.89 


0.065 


02 


• • • ■ 


• • • • 


• • 


" -591 


15.47 


0.325 


II 


15-36 


0.339 


32 


• • • • 


• • • • 


• • 


14.66 


0.162 


35 


15.42 


0.162 


09 


14.99 


0.421 


00 


3423.506 


15.26 


0.300 


31 


15-11 


0.166 


06 


15.73 


0.246 


30 


15.42 


0.485 


08 


15.42 


0.153 


09 


14.99 


0.420 


01 


3666.649 


14.94 


0.283 


R 


14.89 


0.163 


28 


14.89 


0.066 


13 


15.16 


0.243 


08 


15.78 


0.317 


64 


14.39 


0.020 


09 


3673.681 


15.47 


0.260 


06 


15." 


0.125 


13 


15.27 


0.326 


22 


15.11 


0.169 


08 


14.56 


0.420 


49 


15.73 


0.186 


31 


3693-638 


14.66 


0.464 


15 


15-21 


0.500 


00 


14.66 


0.420 


04 


14.66 


0.584 


03 


14.66 


0.052 


^3 


14.17 


0.000 


01 


3694.577 


14.89 


0.462 


38 


15.11 


0.351 


5* 


14.56 


0.005 


06 


15.78 


0.339 


39 


15.11 


0.067 


23 


14.27 


0.023 


05 


" .615 


14.56 


0.030 


05 


15.93 


0.389 


22 


14.66 


0.043 


02 


15.61 


0.377 


15 


15.61 


0.105 


38 


14.51 


0.061 


19 


3695.519 


14.94 


0.463 


43 


15-11 


0.205 


22 


14.94 


0.044 


30 


14.94 


0.097 


13 


15-27 


0.085 


25 


14.66 


0.050 


08 


" .561 


14.66 


0.035 


14 


15-73 


0.247 


25 


15.05 


0.086 


16 


14.94 


0.139 


00 


15.33 


0.127 


02 


14.94 


0.092 


61 


« .602 


14.89 


0.076 


27 


15.96 


0.288 


38 


15.08 


0.127 


02 


1505 


0.180 


02 


15.21 


0.168 


10 


15.30 


0.133 


09 


« .644 


14.66 


O.I18 


14 


15-83 


0.330 


16 


15.21 


0.169 


03 


15-33 


0.222 


14 


14.66 


0.210 


31 


15.57 


0.175 


20 


3698.504 


15-16 


0.156 


13 


14.89 


0.470 


80 


15.37 


0.321 


12 


14.99 


O.I2I 


10 


15.37 


0.299 


55 


15.42 


0.288 


16 


3699.499 


15-37 


0.210 


02 


15-42 


0.377 


28 


14.94 


0.413 


24 


15-05 


0.524 


43 


15-30 


0.370 


08 


15.21 


0.368 


37 


" .542 


15.78 


0.253 


26 


15.96 


0.420 


24 


14.56 


0.004 


06 


14.94 


0.567 


04 


14.79 


0.413 


37 


15.08 


0.41 1 


14 


" .584 


15.73 


0.295 


16 


15-93 


0.462 


22 


14.66 


0.046 


02 


14.66 


0.017 


04 


14.79 


0.455 


08 


14.12 


0.453 


03 


3713.513 


14.73 


O.II4 


04 


15-42 


0.248 


05 


14.79 


0.432 


26 


15.37 


0.325 


00 


15.30 


0.064 


45 


15.42 


0.190 


01 


« .680 


15." 


0.281 


44 


15-73 


0.415 


01 


15.30 


0.148 


13 


15.57 


0.492 


07 


15.01 


0.231 


21 


15-47 


0.357 


12 


3717-517 


14.89 


0.356 


69 


15-05 


0.445 


67 


15.37 


0.373 


05 


15." 


0.184 


02 


15.61 


0.372 


23 


14.89 


0.074 


07 


« .692 


14.56 


0.060 


00 


14.76 


0.076 


04 


15.21 


0.097 


26 


15.61 


0.359 


20 


15.21 


0.085 


19 


15.61 


0.249 


06 


« .817 


14.56 


0.185 


R 


15.16 


0.201 


17 


15.42 


0.222 


04 


14.66 


0.484 


16 


15.52 


0.210 


55 


15,6 


0.374 


• • 


3724.535 


15.47 


0.319 


II 


15-47 


0.391 


24 


15-30 


0.168 


07 


14.94 


0.096 


13 


14.73 


0.461 


05 


15.47 


0.225 


06 


" .676 


15.11 


0.460 


57 


14.66 


0.532 


14 


15.57 


0.309 


08 


15.II 


0.237 


II 


15. II 


0.140 


22 


15.83 


0.366 


24 


3748.572 


15-11 


0.369 


46 


15.46 


0.495 


01 


15,4 


0.279 


• • 


16.08 


0.446 


59 


14.73 


0.016 


07 


14.17 


0.457 


02 


3775-556 


14.39 


0.074 


23 


15.93 


0.281 


36 


15.42 


0.177 


IS 


15.27 


0.190 


17 


15.II 


0.207 


II 


14.27 


0.432 


13 


3960.869 


14.66 


0.078 


04 


14.89 


0.108 


00 


15.04 


0.402 


16 


15.27 


O.I5I 


29 


15.27 


0.283 


54 


15.37 


0.341 


23 


4014.745 


• • • • 


• ■ • • 


• • 


15.05 


0.133 


02 


14.99 


0.106 


01 


14.99 


0.139 


05 


15.21 


O.II3 


05 


15.42 


0.198 


02 


4037-635 


14.89 


0.180 


28 


15.37 


0.177 


14 


14.71 


0.424 


14 


15.68 


0.527 


21 


15.42 


0.368 


04 


15.42 


0.199 


03 


« .663 


15.42 


0.208 


09 


15.42 


0.205 


08 


14.51 


0.000 


01 


15.26 


0.555 


18 


14.71 


0.396 


61 


14.71 


0.227 


18 


4041.675 


14.89 


0.458 


32 


15.83 


0.410 


12 


15-27 


0.401 


06 


15.42 


0.421 


06 


14.76 


0.251 


04 


14.99 


0.119 


14 


4052.600 


14.56 


0.095 


12 


15.58 


0.456 


^3 


14.56 


0.040 


06 


14.66 


0.095 


15 


15.26 


0.089 


19 


14.40 


0.057 


25 


4058.548 


15.58 


0.399 


09 


15.58 


0.420 


H 


14.99 


O.II9 


08 


14.56 


0.I2I 


33 


14.82 


0.032 


II 


14.40 


0.054 


24 


« .662 


14.56 


0.043 


03 


14.40 


0.534 


10 


15.37 


0.233 


03 


15.06 


0.235 


16 


15.II 


0.146 


22 


I5.II 


0.168 


23 


« .780 


15-11 


O.161 


OS 


14.66 


0.108 


24 


15.47 


0.351 


00 


1526 


0.353 


15 


14.66 


0.264 


06 


15-37 


0.286 


21 


" -854 


15-26 


0.235 


20 


15.06 


0.182 


20 


14.89 


0.425 


33 


15-37 


0.427 


II 


14.99 


0.338 


32 


15.26 


0.360 


34 


4066.635 


14.82 


0.020 


33 


15.58 


0.348 


II 


14.66 


0.081 


21 


15.58 


0.510 


08 


14.66 


0.266 


06 


15.58 


0.358 


02 


4067.636 


14.27 


0.080 


36 


15-58 


0.261 


06 


15.37 


0.179 


10 


15-26 


0.327 


II 


15.26 


0.343 


08 


14.04 


0.444 


14 


4069.560 


14.56 


0.123 


27 


14.40 


O.OIO 


06 


15.58 


0.297 


09 


15.58 


0.474 


08 


14.66 


0.419 


40 


14.66 


0.079 


18 
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ANNALS OF HARVARD COLLEGE OBSERVATORY 



1 J D. 


No. 27- Per. 0^.470328 1 


No. >8. Per. o'.S43948 1 


No. 20. Per. 0^.451435 


No. 30. Per. 0^.592177 


No. 31. Per. 0^.46x937 


No. 32. Per. 0^.457787 1 


Magn. 


Phaae 


Res. 


Magn. Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


4069.795 


15.58 


0.358 


01 


15.58 


0.244 


12 


14.82 


0.081 


04 


14.66 


O.II7 


21 


15.37 


0.192 


23 


15.58 


0.314 


02 


4070.65 s 


15.26 


0.277 


29 


14.40 


0.017 


09 


1456 


0.038 


05 


15.37 


0.385 


08 


15-26 


0.128 


06 


15.58 


0.258 


01 


4071.538 


14.99 


0.220 


41 


15-58 


0.356 


II 


14.40 


0.018 


13 


14.82 


0.083 


05 


15.26 


0.088 


22 


15.58 


0.226 


06 


" .747 


15-58 


0.429 


32 


14.40 


0.021 


II 


15.47 


0.227 


07 


15.26 


0.292 


07 


14.82 


0.297 


02 


14.27 


0.43s 


08 


4072.538 


15-26 


0.279 


2Q 


15.58 


0.268 


05 


15-06 


O.II5 


02 


15-58 


0.491 


08 


14.99 


0.164 


32 


15-58 


0.310 


02 


" .745 


14.82 


0.016 


33 


15.47 


0.475 


21 


15.58 


0.322 


09 


14.82 


0.106 


01 


15.26 


0.371 


12 


14.56 


0.059 


12 


4073-553 


15-58 


0.353 


00 


15-21 


0.195 


10 


15.58 


0.227 


19 


15.58 


0.322 


21 


14.82 


0.255 


10 


15.26 


0.410 


02 


" .758 


14.17 


0.088 


48 


15-47 


0.400 


24 


14.89 


0.432 


37 


15.58 


0.527 


09 


14.82 


0.460 


13 


15.26 


0.157 


05 


4074.561 


15.26 


0.421 


07 


14.82 


0.115 


II 


15.58 


0.332 


09 


15.06 


O.I4S 


10 


15.37 


0.339 


05 


14.56 


0.044 


00 


4085.663 


15-26 


0.235 


21 


15.26 


0.338 


42 


15.06 


0.148 


II 


14.56 


0.588 


07 


15. II 


0.354 


25 


iS-ii 


0.159 


20 


4086.608 


15-58 


0.239 


II 


15-26 


0.195 


05 


15.37 


0.190 


06 


15.37 


0.349 


04 


15.26 


0.376 


12 


15.26 


0.189 


16 


4092.573 


14.40 


0.090 


28 


I5-II 


0.177 


12 


15.58 


0.287 


II 


15.37 


0.392 


09 


15.26 


0.335 


02 


15.37 


0.203 


10 


4093-532 


14.56 


0.108 


17 


14.40 


0.048 


21 


15.58 


0.343 


09 


15.26 


0.167 


24 


15.26 


0.371 


12 


15-58 


0.246 


04 


« .762 


• • • • 


• • • • 


• • 


15-06 


0.278 


50 


15.06 


O.I2I 


03 


15.26 


0.397 


20 


15.06 


0.139 


27 


14.04 


0.018 


24 


4133.607 


14.99 


0.206 


33 


15-78 


0.415 


07 


15-16 


0.240 


27 


15.16 


0.566 


23 


14.66 


0.257 


07 


14.56 


0.036 


09 


4147-S19 


15-47 


0.008 


99 


14.99 


0.184 


27 


14.89 


0.158 


32 


14.99 


0.266 


28 


14.89 


0.31 1 


16 


15-47 


0.214 


04 


4437.629 


15-42 


0.396 


op 


15.42 


0.370 


28 


14.99 


0.446 


49 


15.42 


0.209 


28 


15.21 


0.324 


01 


15.01 


0.087 


II 


4795-632 


• • • • 


• • • • 


• • 


15.78 


0.455 


07 


14.56 


O.OIO 


05 


15.27 


0.537 


18 


15-37 


0.326 


14 


15-37 


O.IOI 


36 


4846.568 


14.99 


0.149 


00 


15-42 


0.260 


10 


15.47 


0.385 


10 


15.21. 


0.546 


^3 


14.94 


0.449 


21 


15-47 


0.222 


04 


4860.582 


14.61 


0.053 


06 


14.99 


0.131 


02 


15.37 


0.405 


30 


15.27 


0.348 


13 


15-37 


0.143 


04 


14.61 


0.045 


04 


4876.513 


15-47 


0.464 


96 


15-37 


0.288 


22 


14.56 


0.084 


32 


15.42 


0.290 


09 


15.47 


0.368 


09 


15-21 


O.4II 


02 


4886.535 


14.99 


0.138 


08 


14.89 


0.519 


26 


14.99 


0.175 


28 


15-42 


0.245 


19 


14.66 


0.228 


15 


15.78 


0.362 


19 


5560.608 


15.47 


0.231 


01 


14.89 


0.096 


05 


15-37 


0.255 


07 


15.30 


0.420 


^7 


15.42 


0.335 


12 


15.16 


O.II5 


04 


5562.605 


1542 


0.347 


16 


15-37 


0.461 


34 


14.94 


0.446 


44 


14.89 


0.049 


23 


14.66 


0.022 


02 


15-73 


0.281 


15 


5563-594 


15.47 


0.395 


03 


15.37 


0.362 


33 


14.56 


0.081 


3^ 


15-47 


0.445 


02 


14.99 


0.087 


03 


15-47 


0.354 


12 


5579-551 


15-42 


0.361 


16 


14.56 


O.OOI 


II 


15-37 


0.238 


05 


15.42 


0.414 


05 


15.21 


0.338 


10 


15-47 


0.288 


12 


5581.558 


15.21 


0.017 


72 


15.47 


0.376 


24 


I5.II 


0.439 


60 


14.71 


0.052 


01 


14.66 


0.036 


06 


14.27 


0.006 


08 


5899.564 


14-51 


0.081 


13 


15-42 


0.172 


20 


15.22 


0.183 


08 


14.71 


0.059 


01 


14.71 


0.229 


10 


15-73 


0.308 


13 


5901.555 


14.99 


O.I9I 


25 


14.71 


0.532 


19 


15-42 


0.369 


01 


15.42 


0.273 


13 


15-42 


0.372 


04 


14.27 


O.OIO 


04 


" .646 


15-42 


0.282 


13 


14.71 


0.079 


03 


14.37 


0.008 


H 


15-57 


0.364 


15 


14.71 


O.OOI 


05 


15.22 


O.IOI 


21 


6633.655 


• • • • 


• • • • 


• • 


15-99 


0.478 


32 


15.37 


0.241 


06 


15-54 


0.443 


04 


14.79 


0.302 


II 


15-22 


0.109 


IS 


6634.509 


15-42 


0.374 


14 


15-73 


0.244 


27 


15.42 


0.192 


10 


14.99 


0.112 


14 


14.99 


0.232 


21 


14.71 


0.047 


15 


" .566 


15-73 


0.431 


51 


15-73 


0.301 


12 


15-73 


0.249 


30 


14.99 


0.169 


04 


15-27 


0.289 


51 


15-12 


0.104 


09 


« .682 


14.42 


0.076 


19 


15-57 


0.417 


15 


15.32 


0.365 


13 


15.37 


0.285 


06 


15.12 


0.405 


II 


15-37 


0.220 


14 


7021.639 


• • • • 


• • • • 


• m 


14.89 


0.083 


12 


14.89 


0.442 


39 


15.22 


0.551 


02 


14.76 


0.259 


03 


15.83 


0.347 


23 


7023.629 


14.51 


0.062 


06 


15-83 


0.441 


II 


15.27 


0.175 


00 


14.89 


0.172 


^5 


15-42 


0.401 


15 


14.66 


0.048 


08 


" .678 


14.71 


O.III 


03 


15.83 


0.490 


20 


15.42 


0.224 


03 


15.42 


0.221 


23 


14.89 


0.450 


17 


15-15 


0.097 


17 


8157.558 


14.32 


0.030 


19 


15.73 


0.238 


28 


14.71 


O.IOO 


26 


14.79 


0.082 


02 


14.71 


0.275 


01 


14.71 


0.039 


21 


9533-816 


1573 


0.108 


roo 


15.83 


0.308 


20 


15-42 


0.384 


OS 


14.99 


0.1 21 


10 


14.89 


0.423 


13 


• • • • 


• • • • 


• • 


" .888 


15.83 


0.180 


65 


15.83 


0.380 


13 


14.45 


0.004 


05 


15.37 


0.193 


27 


14.71 


0.033 


00 


15.57 


0.261 


00 


" .914 


15-73 


0.206 


40 


15.73 


0.406 


01 


• • • • 


■ • • • 


m m 


15.42 


0.219 


24 


14.79 


0.059 


02 


15-73 


0.287 


14 


" -947 


15.83 


0.239 


36 


15.83 


0.439 


II 


14.32 


0.063 


42 


15.37 


0.252 


II 


14.71 


0.092 


39 


15.42 


0.320 


18 


9537-761 


15.83 


0.291 


26 


15.83 


0.445 


II 


15.32 


0.266 


13 


15.73 


0.513 


23 


14.71 


0.210 


24 


14.56 


0.014 


29 


" .786 


15-73 


0.316 


16 


15.83 


0.470 


13 


15.15 


0.291 


33 


XS-15 


0.538 


29 


14.71 


0.23s 


06 


14.71 


0.039 


21 


" .812 


15.83 


0.342 


25 


15-73 


0.496 


28 


15.27 


0.317 


22 


14.99 


0.564 


OS 


14.79 


0.261 


07 


14.71 


0.065 


01 


" .836 


15.96 


0.366 


39 


14.79 


0.520 


16 


15.37 


0.341 


II 


14.71 


0.588 


10 


14.89 


0.285 


16 


14.89 


0.089 


04 


"" .874 


15.83 


0.404 


37 


14.61 


0.014 


14 


15.37 


0.379 


03 


14.71 


0.033 


07 


14.71 


0.323 


50 


15.12 


0.127 


05 


« .899 


14.99 


0.429 


27 


14.66 


0.039 


II 


14.89 


0.404 


21 


14.66 


0.058 


04 


15.22 


0.348 


12 


15.32 


0.152 


03 


" .924 


14.71 


0.454 


08 


14.89 


0.064 


21 


14.99 


0.429 


45 


14.79 


0.083 


02 


15.42 


0.373 


04 


15.42 


0.177 


03 


" .950 14.66 


0.009 


17 


14.89 


0.090 


07 


14.66 


0.003 


16 


14.79 


0.109 


04 


15-42 


0.399 


13 


iS-83 


0.203 


36 
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1 n 


Na 3S. ?«• 0^.5014 


72 No. 34. Per. 0^.568x40 


No. ss- P«- 0^.616770 


No. 36. Per. not det'd. 1 Na 37. Per. o<.488704 


No. 38> Per. 0^.470439 1 


Jm XJ» — 


Magn. 


Phase 


6 


Les. Magn. 


Phase 


Res. 


M*c", 


Phase 


Res. 


Magn. 


Phase Res. 1 Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


II4S-794 


• • • « 


• • • 






» m • • • • 


• • • • 


• • 


• • • . 


• • • • 


• • 


• • • • 




• • • • • • 


• • • ■ 




• * • • 


• « • • 


• • 


1148.796 


• • • • 










1 • • • • • 


• • • • 


• • 


14.66 


0.399 


34 


• • • • 




• • • « • • 


• • • • 




14.66 


0.036 


18 


1155-796 


• « • • 










. . 14.61 


0.564 


20 


• • • • 


• • • • 


• • 


• • • • 




• • • • • • 


• • • • 




14.66 


0.450 


03 


1161.809 


• • • • 










1 • • • • • 


• • • • 


• • 


14.99 


0.460 


2j 


■ • • • 




• • • • • • 


■ • • • 




• • • • 


• • • • 


• • 


1174.794 


• • • • 










» • • ■ • • 


• • • • 


• • 


• • • • 


• • • • 


• ■ 


• • • • 




• • • • • • 


• • • • 




• • • ■ 


• • • • 


• • 


117S.785 


• • • • 










• • • • • 


■ • • • 


• • 


• • • • 


• • • • 


• • 


• • • « 




• • • • • • 


• • • • 




• • • • 


• • • • 


m • 


1 199.701 


• • • • 










• • • • « 


• • • • 


• • 


14.94 


O.II2 


19 


14.66 




• • • • • • 


• • • • 




• • • • 


• • • • 


• • 


3346.540 


15-37 


0.160 




53 14.27 


0.560 


H 


14.61 


0.592 


OS 


14.94 




. . 16.5 


0.381 




15-78 


0.359 


27 


3366.544 : 


t5.II 


o.ios 




)8 14.66 


O.III 


23 


14.89 


0.242 


09 


14.66 




.. 15.73 


0.344 


02 


15-II 


O.I35 


05 


3369-698 : 


tS.04 


0.250 




^0 15.47 


0.425 


00 


14.66 


0.313 


01 


14.66 




. . 14.66 


0.076 


03 


14.27 


0.466 


10 


3370.528 : 


14.89 


0.077 




>3 15-16 


O.I18 


25 


I5-II 


0.526 


08 


14.17 




.. 15.57 


0.418 


16 


15-73 


0.355 


22 


3371-529 '- 


[4.89 


0.075 




>4 14.27 


0.551 


^3 


14.61 


0.293 


06 


14.66 




. . I5-" 


0.441 


46 


15-73 


0.415 


30 


3374.502 ] 


[4.61 


0.040 




>3 14.89 


O.II5 


01 


14.89 


0.182 


32 


14.89 




» • « • • • 


• • • • 


• • 


14.89 


0.095 


03 


" -538: 


[4.66 


0.076 




rp 14.99 


O.I5I 


01 


14.61 


0.218 


35 


14.66 




.. 14.27 


0.029 


03 


14.94 


0.131 


09 


3376.502 : 


14.66 


0.034 




t2 15.47 


0.41 1 


01 


14.66 


0.332 


02 


14.99 




. . 14.27 


0.037 


10 


15.47 


0.213 


13 


" -543 : 


14.94 


0.075 




>9 15-44 


0.452 


01 


14.84 


0.373 


01 


14.99 




. . 14.56 


0.078 


H 


15-47 


0.254 


01 


" .584: 


t5-2i 


0.II6 




CO 15.29 


0.493 


15 


I5.II 


0.414 


02 


15." 




. . 15-21 


O.II9 


II 


15-73 


0.295 


24 


« .677: 


15-42 


0.209 




w 14.58 


0.018 


09 


15-16 


0.507 


03 


15.21 




. . 15.42 


0.212 


15 


15." 


0.388 


39 


3377-578 : 


15-16 


0.107 




CI 15.37 


0.351 


09 


14.99 


0.174 


24 


14.71 




. . 15-21 


0.136 


00 


15.78 


0.348 


27 


3378.579 : 


14.94 


0.105 




ro 15.42 


0.215 


23 


14.89 


0.559 


08 


14.89 




• 15-37 


0.159 


01 


15-78 


0.409 


33 


3380.500 : 


14.46 


0.020 




>3 15-47 


0.432 


00 


14.56 


0.013 


08 


14.66 




> • • • • • 


• • • • 


• • 


14.89 


0.448 


19 


"" .602 : 


15-37 


0.122 




^3 14.56 


0.534 


10 


15-37 


O.II5 


23 


14.99 




.. 15.88 


0.227 


28 


14.66 


0.079 


II 


3390.604 ; 


15-" 


0.094 




[6 15.11 


0.309 


2p 


14.61 


0.248 


15 


14.27 




. . 14.66 


0.453 


24 


15-47 


0.202 


15 


3408.568 : 


14.56 


0.005 




2o 14.66 


0.093 


15 


14.66 


0.326 


01 


15.37 




. . 16.20 


0.332 


45 


15-83 


0.289 


35 


3409.544 : 


14.89 


0.480 




)5 14.94 


0.501 


06 


14.89 


0.068 


06 


14.99 




- 15-47 


0.330 


28 


15-78 


0.325 


27 


'' .623 : 


14.71 


0.058 




X) 14.56 


0.012 


10 


15-37 


0.147 


13 


15.37 




.. 15.88 


0.409 


14 


15-73 


0.404 


26 


3411.603 ; 


[4.66 


0.032 




C4 15.37 


0.287 


00 


14.66 


0.277 


04 


15.47 




- 15-47 


0.434 


18 


14.61 


0.031 


17 


3412.560 : 


14.66 


0.487 




ti 15-11 


0.108 


24 


14.56 


O.OOI 


08 


14.56 




.. 15-83 


0.413 


10 


14.56 


0.048 


00 


3413-569 : 


14.56 


0.493 




c6 14.56 


0.549 


16 


15-37 


0.393 


39 


15.37 




■• 15-57 


0.445 


17 


14.89 


0.116 


06 


3414.620 : 


14.56 


0.040 




>2 15-73 


0.464 


36 


15-11 


0.210 


09 


14.99 




• 14-17 


0.029 


13 


15-78 


0.226 


40 


3415.489 : 


15-73 


0.407 




>i 15.10 


0.196 


02 


15.21 


0.463 


01 


14.61 




• 15-73 


0.410 


01 


15.11 


0.154 


02 


" .531 : 


15-73 


0.449 




c5 15-37 


0.238 


II 


14.89 


0.505 


24 


14.89 




. . 14.89 


0.452 


06 


1542 


0.196 


13 


" -572 : 


14-45 


0.490 




>3 15-40 


0.279 


05 


14.66 


0.546 


23 


14.89 




. . 14.27 


0.004 


14 


15-47 


0.237 


07 


'' .614 : 


14.56 


0.031 




>5 15-32 


0.321 


10 


14.61 


0.588 


06 


14.99 




. . 14.22 


0.046 


21 


15-73 


0.279 


25 


3419.548 : 


15-42 


0.455 




>5 15-" 


0.278 


23 


14.89 


0.204 


18 


14.22 




.. 14.56 


0.069 


08 


14.56 


0.449 


19 


3422.494 : 


15-47 


0.392 




^S 15.16 


0.384 


31 


14.99 


0.066 


17 


14.66 




. . 14.56 


0.083 


19 


14.89 


0.102 


01 


" .591 : 


14.56 


0.489 




[2 15.04 


0.481 


22 


15-26 


0.163 


02 


14.22 




. 15-42 


0.180 


03 


15-21 


0.199 


09 


3423.506 : 


^5-83 


0.401 




>9 14.99 


0.259 


32 


14.89 


0.462 


33 


14.66 




. . 14.66 


O.II7 


3S 


15-16 


0.173 


06 


3666.649 : 


15.78 


0.330 




>5 15-27 


0.238 


01 


14.99 


0.597 


34 


14.61 




. . 14.61 


0.329 


R 


14.89 


0.099 


02 


3673.681 : 


^5-73 


0.341 




>o 15.78 


0.453 


36 


15-37 


0.228 


SI 


14.45 




. . 14-56 


0.030 


25 


14.66 


0.075 


09 


3693638 : 


t5-2i 


0.239 




fo 14.61 


0.525 


06 


14.79 


0.448 


41 


14.61 




•• -fi-J 


0.435 


• • 


i5'3 


0.273 


• • 


3694-577 : 


14.94 


0.175 




f5 i5'6 


0.327 


• • 


15.01 


0.154 


23 


14.56 




. . 16.0 


0.396 


• • 


15-16 


0.272 


32 


« .615: 


15-61 


0.213 




>7 14-94 


0.365 


52 


15.21 


0.192 


OS 


15.37 




. . 16.10 


0.434 


47 


15-57 


0.310 


07 


3695-519 3 


t5.2i 


0.II4 




[2 15.08 


0.133 


12 


15.27 


0.479 


07 


15.27 




. . 16.4 


0.361 


• • 


15-73 


0.273 


26 


" .561 1 


15-16 


0.156 




16 15.05 


0.175 


01 


15.30 


0.521 


25 


15.05 




. . 16.S 


0.403 


• • 


15-57 


0.315 


07 


" .602 ] 


15-73 


0.197 




j6 15.08 


0.216 


II 


15.16 


0.562 


38 


14.94 




.. 15-78 


0.444 


48 


15-61 


0.356 


10 


** .644 ] 


15-57 


0.239 




>J 15-57 


0.258 


25 


14.66 


0.604 


02 


14.27 




■• 14-17 


0.486 


07 


15-57 


0.398 


09 


3698.504 ] 


14.94 


0.091 




>o 15.16 


0.278 


19 


14.99 


0.380 


II 


14.56 




.. 15.7 


0.413 


• • 


14.94 


0.435 


21 


3699.499 ^ 


14-94 


0.083 




>4 15-" 


0.136 


15 


15.27 


0.142 


04 


15.05 




. . 16.4 


0.430 


• • 


14.56 


0.019 


16 


" .542: 


14.99 


0.126 




rtf 15-27 


0.179 


19 


15.57 0.18s 


38 


15.04 




. . 14.17 


0.473 


05 


14.73 


0.062 


06 
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• 

J.D. 


No. 33. Per. 0^.50x472 


No. 34. Per. o<.568i4o 


No. 3S. Per. 0^.616770 


No. 36. Per. not 


det'd. No. 37. Per. o'.4887g4 


No. 38. Per. o'.47043Q 1 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


3699.584 


15.47 


0.168 


II 


15.21 


0.221 


00 


15.16 


0.227 


28 


15.08 




.. 14.56 


0.026 


30 


15.05 


0.104 


14 


3713.513 


14.61 


0.055 


09 


14.66 


0.515 


04 


14.79 


0.587 


II 


15.27 




. . 16,4 


0.269 




15.37 


0.390 


14 


« .680 


15.27 


0.222 


29 


14.61 


O.II4 


28 


15.08 


0.137 


13 


14.76 




.. 16.5 


0.436 




14.94 


0.087 


12 


3717.517 


14.66 


0.048 


03 


14.42 


0.542 


00 


14.76 


0.273 


06 


14.89 




. . 16,4 


0.363 




15.11 


0.160 


05 


« .692 


15.47 


0.223 


09 


14.79 


0.149 


20 


15." 


0.448 


og 


14.66 




. . 16.0 


0.049 




14.94 


0.335 


56 


« .817 


15.42 


0.348 


31 


15*6 


0.274 


• • 


14.66 


0.573 


06 


• • • • 




. . 16,0 


0.174 




14.39 


0.460 


05 


3724.535 


1^.66 


0.045 


04 


14.89 


0.174 


18 


15.21 


0.507 


08 


14.27 




" 15.42 


0.049 


R 


14.94 


O.I2I 


05 


« .676 


15.57 


0.186 


15 


I5.II 


0.315 


30 


14.66 


0.031 


01 


14.66 




• 15.73 


0.190 


23 


15.78 


0.262 


31 


3748.572 


14.22 


O.OII 


16 


14.94 


0.349 


50 


15. II 


0.490 


07 


14.61 




. . 15.26 


0.13s 


06 


15.16 


0.166 


02 


3775.556 


15.76 


0.417 


02 


14.76 


0.062 


08 


14.79 


0.336 


10 


14.89 




.. 15.83 


0.235 


21 


15.21 


0.335 


30 


3960.869 


15.42 


0.186 


00 


14.99 


0.162 


04 


15.27 


O.OOI 


64 


14.56 




• • • • • • 


• ■ • • 


• • 


15.83 


0.295 


34 


4014.745 


15.08 


0.404 


66 


14.71 


0.065 


OI 


• ■ ■ • 


• • ■ • 


a • 


• • • • 




• • • • • ■ 


• • ■ • 


• • 


14.71 


0.071 


01 


4037.635 


15.44 


0.227 


13 


15.37 


0.229 


14 


14.89 


0.288 


21 


14.71 




. . 14.99 


0.321 


R 


15.42 


0.380 


09 


" .663 


15.42 


0.255 


22 


15.37 


0.257 


07 


14.71 


0.316 


04 


14.71 




• • • « • ■ 


• • • ■ 


• • 


15.42 


0.408 


04 


4041.67s 


15.84 


0.25s 


20 


15.42 


0.292 


04 


14.71 


O.OIO 


08 


14.51 




.. 14.71 


0.450 


24 


15.22 


0.186 


04 


4052.600 


15.14 


0.147 


13 


15.26 


0.422 


22 


14.89 


0.450 


32 


14.99 




.. 15.47 


0.133 


28 


15.47 


0.290 


02 


4058.548 


14.74 


0.078 


13 


15.26 


O.I2I 


34 


15.26 


0.230 


41 


15.06 




.. 15.58 


0.216 


00 


15.26 


0.123 


26 


« .662 


15.32 


0.192 


12 


15.42 


0.23s 


17 


14.56 


0.344 


15 


15.16 




•• 15.58 


0.330 


17 


15.26 


0.237 


^5 


« .780 


15.68 


0.310 


03 


15.83 


0.353 


38 


14.99 


0.462 


22 


15.16 




.. 15.26 


0.448 


06 


15.58 


0.355 


07 


" .854 


15.77 


0.384 


02 


15.37 


0.427 


10 


15.06 


0.536 


10 


15." 




. . 14.40 


0.033 


08 


15.26 


0.429 


00 


4066.63 s 


15.18 


O.I4I 


06 


15.26 


0.254 


03 


14.56 


0.299 


It 


14.40 




.. 14.27 


0.482 


17 


15.21 


0.212 


^3 


4067.636 


15.06 


0.139 


16 


14.82 


O.I18 


09 


14.66 


0.067 


17 


14.56 




. . 14.27 


0.017 


06 


15.21 


0.272 


26 


4069.560 


14.61 


0.057 


10 


15.37 


0.338 


06 


15.06 


0.I4I 


16 


14.66 




.. 14.27 


0.474 


07 


15.47 


0.315 


03 


" .795 


15.80 


0.292 


10 


14.40 


0.005 


03 


14.66 


0.376 


17 


14.27 




. . 15.26 


0.220 


33 


14.56 


0.079 


21 


4070.655 


15.07 


0.149 


22 


15.26 


0.297 


12 


14.66 


0.002 


03 


14.61 




. . 14.82 


0.103 


12 


14.56 


0469 


21 


4071.538 


14.34 


0.029 


15 


14.61 


0.044 


00 


14.66 


0.268 


05 


14.82 




.. 14.27 


0.008 


13 


15.26 


O.4II 


18 


" .747 


15.64 


0.238 


04 


15.21 


0.253 


08 


15.21 


0.477 


00 


14.56 




.. 15.21 


0.217 


37 


15.04 


0.149 


08 


4072.538 


14.27 


0.027 


20 


15.26 


0.475 


06 


14.56 


0.035 


10 


14.82 




.. 14.27 


0.031 


05 


14.61 


0.470 


26 


" .745 


15.63 


0.234 


04 


14.66 


O.II4 


25 


14.99 


0.242 


20 


14.99 




.. 15.5 


0.238 


• • 


15.21 


0.207 


12 


4073.553 


14.48 


0.039 


09 


15.26 


0.354 


20 


14.82 


0.433 


35 


14.04 




. . 14.66 


0.068 


04 


14.66 


0.074 


09 


" .758 


15.56 


0.244 


06 


14.40 


0.559 


01 


14.56 


0.021 


08 


14.66 




.. 15.58 


0.273 


II 


15.37 


0.279 


II 


4074.561 


14.56 


0.044 


06 


15.06 


0.226 


16 


I5.II 


0.207 


05 


14.61 




. . 14.66 


0.098 


23 


14.94 


O.I4I 


13 


4085.663 


14.96 


O.II3 


12 


14.61 


0.533 


12 


I5.II 


0.208 


OS 


14.82 




. . 15.06 


0.447 


14 


15.37 


0.423 


01 


4086.608 


14.66 


0.055 


02 


15.47 


0.342 


03 


15.26 


0.536 


30 


• • • • 




.. 15^5 


0.414 


• • 


15.26 


0.427 


03 


4092.573 


14.40 


0.003 


05 


15.06 


0.057 


40 


14.66 


0.333 


02 


14.82 




" 14.27 


0.025 


01 


15.26 


0.276 


21 


4093.532 


15.18 


0.460 


^5 


15.26 


0.448 


18 


14.61 


0.059 


15 


14.56 




. . 14.04 


0.007 


09 


15.26 


0.294 


23 


« .762 


15.38 


0.189 


05 


15.06 


O.IIO 


18 


14.82 


0.289 


13 


15.26 




.. 1 5-5 


0.237 


• • 


14.82 


0.054 


21 


4133.^7 


15.78 


0.417 


03 


14.99 


0.185 


11 


14.89 


0.043 


19 


14.66 




. . 14.08 


0.000 


02 


15.47 


0.382 


04 


4147.519 


15.88 


0.288 


19 


15.37 


0.462 


02 


14.99 


0.387 


08 


15. II 




• • • ■ • • 


• • • • 


9 m 


15.21 


O.181 


03 


4437.629 


14.66 


0.046 


03 


15.21 


0.252 


08 


14.56 


0.615 


07 


14.17 




.. 14.17 


0.481 


07 


14.22 


0.030 


23 


4795.632 


14.17 


0.499 


18 


• • • • 


• • • • 


• • 


15.16 


0.274 


46 


• • • • 




• • • • • • 


• • • • 


• • 


14.27 


0.029 


17 


4846.568 


15.73 


0.285 


04 


14.99 


0.I3I 


04 


14.51 


0.018 


12 


15.21 




• • • • • • 


• ■ • • 


• • 


15.21 


0.157 


07 


4860.582 


15.78 


0.258 


13 


14.94 


0.509 


06 


15.73 


0.463 


51 


15.78 




.. 15.42 


0.139 


20 


14.51 


0.058 


12 


4876.513 


15.21 


0.142 


03 


14.61 


0.532 


II 


14.89 


0.358 


13 


14.56 




• • ■ • • • 


• • ■ • 


• • 


14.56 


0.465 


19 


4886.535 


14.99 


0.134 


22 


15.42 


0.328 


00 


14.89 


0.512 


20 


15.16 




• • • ■ ■ • 


• • • • 


• • 


14.99 


0.137 


07 


5560.608 


15.61 


0.229 


04 


14.66 


0.019 


17 


15.37 


0.455 


15 


14.71 




. . 16.4 


0.212 


• • 


14.71 


0.071 


02 


5562.605 


15.47 


0.220 


08 


15.78 


0.3 II 


38 


14.71 


0.602 


07 


14.89 




. . 16.3 


0.254 


• • 


15.37 


0.186 


12 


5563.594 


15.47 


0.206 


03 


15.37 


0.164 


33 


14.89 


0.358 


13 


15.47 




. . 16.3 


0.265 


• • 


15.37 


0.234 


02 


5579.551 


15.04 


O.I16 


06 


14.89 


0.213 


29 


14.71 


0.279 


02 


14.66 




.. 14.32 


0.092 


52 


15.21 


0.196 


07 


5581.558 


14.99 


O.II7 


12 


14.66 


0.516 


02 


15.II 


0.435 


07 


14.84 




.. 15.16 


0.144 


op 


15.47 


0.322 


03 



OBSERVATIONS OF THE VARIABLES IN MESSIER S 
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J.D. 


No. }3. Per. a<.soi47a 


No. 34. Per. 0^. 


568140 No. 35. Per. 0^.6x6770 


Na36. 


Per. not det'd. Na 37. Per. 0^.488794 


No. 38. Per. 0^.470439 1 


Magn. 


Phase 


Res. 


Magn. Phase 


Ret. Magn. 


Phase 


Rea. 


Magn. 


Phase Res. Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


5899.564 


15-42 


0.190 


01 


15.42 0.363 


; 04 15.42 


0.188 


24 


14.27 


15-37 


0.433 


28 


15-42 


0.3 1 1 


08 


S90I-S5S 


15.22 


0.175 


iS 


14.71 0.08: 


} 06 14.51 


0.329 


16 


14.71 


14-37 


0.469 


06 


15-42 


0.420 


02 


« .646 


15-83 


0.266 


17 


14.89 o.i7;3 


; 17 14-^ 


0.420 


23 


14.79 


14.32 


0.072 


32 


14.27 


0.041 


25 


6633-655 


15-15 


0.126 


00 


15.54 0.41; 


r 06 14.61 


0.323 


06 


14.66 


15-42 


0.356 


34 


14.56 


0.047 


00 


6634.509 


14.89 


0.479 


01 


14.89 0.13c 


; 07 14.71 


0.560 


09 


14.71 


14.99 


0.232 


63 


15-42 


0.430 


19 


" .566 


14-51 


0.034 


03 


14.99 0.192 


\ 13 14.61 


0.000 


02 


14.51 


15-42 


0.289 


29 


14.71 


0.017 


zz 


« .682 


15-12 


0.150 


^7 


15.42 o.3of 


^ 03 15.15 


O.I16 


01 


I4-SI 


15-42 


0.405 


33 


14.99 


0.133 


05 


7021.639 


14.89 


0.472 


08 


15.42 0.362 


\ 04 14.79 


0.358 


04 


14.71 


14.99 


0.237 


64 


15.73 


0.389 


23 


7023.629 


15-5/ 


0.456 


12 


14.66 0.07^ 


) 08 14.99 


0.498 


18 


14.71 


15-37 


0.272 


32 


14.32 


0.027 


II 


« .678 


14.27 


0.004 


08 


14.71 O.I2i 


\ 22 14.56 


0.547 


33 


14.89 


15-57 


0.321 


17 


14.61 


0.076 


15 


8157-558 


14.66 


0.056 


01 


14.51 0.001 


: 09 14.71 


0.187 


46 


14.42 


14.99 


0.199 


54 


15-42 


0.198 


12 


9S33-8i6 


15-57 


0.274 


II 


15.57 0.22^ 


\ 35 15-54 


0.431 


38 


14.99 


14.27 


0.013 


09 


14.79 


0.422 


57 


" .888 


15-73 


0.346 


00 


15.37 0.29^ 


) 01 14.89 


0.503 


25 


14.99 


14.89 


0.085 


12 


14.79 


0.023 


38 


" -914 


15-42 


0.372 


32 


15.42 0.325 


\ 00 14.89 


0.529 


13 


14.89 


14.89 


O.III 


JJ 


14.79 


0.049 


21 


" -947 


15-37 


0.405 


37 


1-37 0.355 


; og 14.51 


0.562 


29 


14.89 


15-37 


0.144 


10 


14.99 


0.082 


19 


9537-761 


15-42 


0.208 


09 


15.42 0.192 


1 30 14-99 


0.059 


22 


14.99 


14-79 


0.048 


35 


14.99 


0.133 


05 


« .786 


15-73 


0.233 


15 


15.37 0.217 


^ 18 14.99 


0.084 


00 


14.71 


14.89 


0.073 


24 


15.22 


0.158 


08 


" .812 


15-57 


0.259 


08 


15.42 0.243 


► 15 15-37 


O.IIO 


25 


14.89 


15-22 


0.099 


32 


15.22 


0.184 


03 


" .836 


15-73 


0.283 


04 


15.73 0.265 


' 40 15-15 


0.134 


06 


14.66 


14-99 


0.123 


H 


15-27 


0.208 


05 


" -874 


15-68 


0.321 


04 


15-57 0.305 


; 18 15-15 


0.172 


08 


14.79 


15-42 


O.161 


OS 


15-42 


0.246 


00 


" -899 


15-57 


0.346 


16 


15-73 0.33c 


> 30 14.79 


0.197 


34 


14.71 


15-42 


0.186 


06 


15-42 


0.271 


05 


" .924 


15-83 


0.371 


09 


15-57 0.355 


; II 14.89 


0.222 


00 


14.89 


15-42 


0.2II 


J5 


15-42 


0.296 


07 


" .950 


15-57 


0.397 


18 


15.42 0.381 


05 14.71 


0.248 


06 


14.79 


15-73 


0.237 


10 


15.37 


0.322 


13 


J.D. 


No. 39. Per. 0^.589033 


No. 40. Per. DO 


t det'd. No. 41. Per. o<.488578 


No. 42 


. Per. 25*. 74 No. 43. Per. 0^.660335 


No. 44. Per. 0^.495797 1 


Magn. 


Phaae 


Res. 


Magn. Phase 


Res. MagD. 


Phase 


Res. 


Magn. 


Phase Res. Magn. 


Phaae 


Res. 


Magn. 


Phase 


Res. 


1145.794 


• • • • 


■ • • • 


• « 


• ••• •••• 


• • • • • ■ 


• • • ■ 


■ • 


• • • • 


• ••• •■ •••• 






• • • • 


• • ■ • 


• • 


1148.796 


14.66 


0.176 


38 


14.94 . . . . 


. . 14.22 


0.475 


08 


10.91 


3-06 39 .... 






14.94 


0.226 


12 


"55-796 


• • ■ • 


■ • ■ • 


• • 


• ••• •••• 


• • • • • « 


• • • • 


• • 


11.83 


10.06 00 .... 






14.66 


0.285 


00 


1 161 .809 


14.94 


0.230 


28 


15.11 


• • • • • ■ 


• • • 


• • 


12.04 


16.07 IS 






14.66 


0.348 


41 


1174.794 


• • • • 


• • • ■ 


m • 


• ••• ••■« 


• • • • • • 


• • • • 


• • 


11.28 


3-31 05 .... 






• • • • 


• • • • 


• • 


1178.785 


14.61 


0.124 


J7 


15.16 .... 


• • • • ■ ■ 


• • • • 


• • 


"•53 


7.30 03 14.94 


0.19s 


'5 


• • • • 


• • • • 


• • 


1 199.701 


14.99 


0.424 


5S 


15.16 


. . 14.94 


0.079 


27 


10.86 


2.48 41 14.66 


0.643 


04 


14.56 


0.064 


24 


3346.540 


15-42 


0.238 


17 


14.99 • • • • 


. . 14.94 


0.106 


00 


12.04 


12.90 03 15.37 


0.398 


01 


1505 


0.102 


00 


3366.544 


15-47 


0.215 


30 


14.66 . . . . 


. . 14.66 


0.078 


01 


11.38 


7.16 16 14.66 


0.595 


II 


14.56 


0.274 


10 


3369.698 


• • • • 


• • • • 


• ■ 


15.16 .... 


• • • ■ ■ • 


• • • ■ 


• ■ 


11-75 


10.32 09 15.26 


0.448 


16 


14.99 


0.453 


07 


3370-528 


14.61 


0.076 


08 


15-37 •••• 


• 15-32 


0.154 


08 


12.04 


II. 15 II 14.89 


0.618 


18 


14.76 


0.292 


08 


3371-529 


15-73 


0.487 


20 


14.99 


.. 15-21 


0.178 


15 


12.14 


12.15 12 15.21 


0.299 


06 


14.66 


0.301 


08 


3374.502 


14.99 


0.515 


27 


14.89 


.. 15.42 


0.219 


08 


12.14 


15.12 02 14.66 


0.630 


05 


1451 


0.299 


21 


" -538 


14.22 


0.551 


22 


15.21 


• • • • • • 


• • • • 


• • 


12.14 


15.16 02 14.56 


0.006 


12 


14.94 


0.335 


06 


3376.502 


14.94 


0.159 


00 


15-42 .... 


.. 15-42 


0.265 


19 


12.24 


17.12 03 14.61 


0.650 


08 


14.79 


0.316 


02 


" -543 


iS-ii 


0.200 


01 


15.47 ... 


.. 15.42 


0.306 


24 


12.14 


17.16 08 14.66 


0.031 


04 


15-05 


0.357 


07 


" -584 


15.11 


0.241 


16 


15-47 ••• 


• 15-73 


0.347 


06 


12.20 


17.20 02 14.83 


0.072 


04 


15-42 


0.398 


20 


« .677 


15-42 


0.334 


07 


15.11 


.. 15.16 


0.440 


00 


12.14 


17.30 08 14.56 


0.165 


48 


14.83 


0.491 


16 


3377.578 


14.27 


0.057 


^5 


14.99 


• 15-47 


0.364 


20 


12.83 


18.20 60 15. II 


0.405 


28 


14.99 


0.400 


24 


3378.579 


iS-37 


0.469 


20 


14.89 . . . . 


•• 15-73 


0.388 


06 


12.24 


19.20 00 14.66 


0.086 


18 


15-16 


0.410 


07 


3380.500 


14.22 


0.034 


08 


14.89 .... 


.. 15.42 


0.354 


25 


12.83 


21.12 63 14.56 


0.026 


13 


14.99 


0.348 


08 


« .602 


14.94 


0.136 


II 


15-37 • . • • 


. . 14.89 


0.456 


34 


12.14 


21.22 04 15.37 


0.128 


42 


15-37 


0.450 


28 


3390.604 


14.89 


0.124 


II 


14.94 . .. 


.. 15.21 


0.198 


22 


"34 


5.48 10 15.01 


0.227 


15 


14.71 


0.040 


01 
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ANNALS OF HARVARD COLLEGE OBSERVATORY 



J.D. 


No. 39. Pc 0^.589033 


No. 40. Per. not det' 


d. No. 41- Per. 0^.488578 


No. 4a. Per. 2S'-74 


No. 43. Per. cA.66<aiS 


No. 44- Per. o'.4QS797 | 


Magn. 


Phaae 


Res. 


Magn. 


Phue R( 


es. Magn. 


Phaae 


Res. 


Magn. Phaae 


Res. 


Magn. 


Phaae 


Res. 


Magn. 


Phase 


Ret. 


3408.568 


15-73 


0.417 


16 


15-73 






. 14.61 


0.085 


12 


11.44 


23-45 


16 


15-27 


0.364 


oS 


15-21 


0.155 


04 


3409.544 


14.99 


0.215 


JP 


15-37 






. 14.61 


0.084 


II 


11.28 


24.42 


05 


14.56 


0.020 


13 


15-21 


0.140 


04 


" .623 


15-37 


0.294 


H 


15-37 






. 15-37 


0.163 


09 


10.96 


24.50 


27 


14.76 


0.099 


II 


14.99 


0.219 


13 


3411.603 


15-47 


0.507 


07 


14.89 






. 15-37 


0.188 


03 


10.86 


0.74 


34 


14.66 


0.098 


20 


15-08 


0.215 


20 


3412.560 


15-37 


0.286 


03 


14.94 






. 15-42 


0.168 


10 


11.34 


1.70 


II 


15-23 


0.395 


^5 


15-37 


O.181 


26 


3413-569 


14.56 


O.II7 


17 


15-21 






• 15-37 


0.200 


06 


11.28 


2.71 


01 


14.61 


0.084 


22 


14.99 


0.198 


03 


3414.620 


14.17 


0.579 


04 


15-73 






. 15.42 


0.274 


21 


11.28 


3-76 


06 


15-37 


0.474 


07 


14.71 


0.258 


04 


3415-489 


15-37 


0.270 


01 


15-37 






. I5-II 


0.166 


18 


12.04 


4-63 


R 


14.66 


0.023 


03 


15-37 


0-135 


21 


" -531 


15-47 


0.312 


03 


15-37 






. 15-37 


0.208 


09 


11.44 


4-67 


05 


14.66 


0.065 


12 


15-08 


0.177 


03 


" -572 


15-73 


0.353 


21 


15-37 






• 15-73 


0.249 


15 


11.44 


4.71 


OS 


14.84 


0.196 


06 


14.66 


0.218 


21 


" .614 


15-73 


0.395 


16 


15-21 






. 15-42 


0.291 


22 


11.44 


4-75 


04 


14.89 


0.148 


12 


14.66 


0.260 


00 


3419548 


15-37 


0.206 


22 


I5-II 






. 16.42 


0.316 


76 


11.44 


8.69 


26 


14.99 


0.120 


06 


14.89 


0.228 


09 


3422.494 


14.99 


0.207 


16 


15-42 






• • • • • 


• • • • 


• • 


12.04 


11.63 


07 


15-33 


0.425 


07 


14.89 


0.199 


13 


" .591 


15-42 


0.304 


00 


15-47 






• • • • • 


• • • • 


• • 


12.04 


11-73 


06 


15-30 


0.522 


03 


14-56 


0.296 


15 


3423.506 


14.56 


0.041 


23 


15-37 






• 15-73 


0.365 


06 


12.00 


12.65 


05 


14.94 


O.II7 


01 


14.71 


0.219 


15 


3666.649 


15.61 


0.502 


14 


15-33 






. 15-83 


0.197 


40 


11.38 


24-13 


08 


15-05 


0.294 


22 


15-30 


0.422 


08 


3673.681 


15-47 


0.466 


10 


14.66 






. 15-37 


0.388 


30 


11.72 


5-42 


29 


14.61 


0.063 


16 


14.61 


0.017 


06 


3693.638 


^5-5 


0.395 


• • 


14.66 






. ^5-3 


0.314 


• • 


10.76 


25-38 


44 


15-26 


0.213 


13 


14.94 


0.142 


23 


3694.577 


15.16 


0.156 


23 


15-05 






. 16.08 


0.276 


45 


• • • • 


• • • • 


• m 


15-21 


0.492 


22 


15.16 


0.089 


20 


" .615 


15-30 


0.194 


30 


14.89 






. 16.10 


0.314 


44 


11.28 


0.62 


08 


15-93 


0.530 


67 


14.99 


0.127 


H 


3695-519 


15.21 


0.509 


15 


15.08 






• 15-93 


0.240 


37 


11.28 


1-52 


OS 


15-05 


O.II3 


13 


14.89 


0.040 


17 


" .561 


14.56 


0.551 


II 


14.99 






. 15-73 


0.282 


10 


11-34 


1.56 


II 


15.05 


0.155 


03 


14.99 


0.082 


08 


" .602 


14-45 


0.003 


31 


14.94 






. 15-96 


0.323 


30 


11.38 


1.60 


15 


iS-ii 


0.196 


01 


15-05 


0.123 


08 


" .644 


14.42 


0.045 


08 


15.05 






. 15.78 


0.365 


II 


11.38 


1.64 


15 


15-11 


0.238 


07 


15-21 


0.165 


04 


3698.504 


14.42 


0.549 


07 


14.76 






. 15.78 


0.294 


12 


11.68 


4-50 


31 


15-30 


0.457 


13 


14.99 


0.050 


26 


3699.499 


15-57 


0.366 


03 


15-37 






. 15-61 


0.312 


05 


11.38 


5.50 


05 


15-16 


0.132 


19 


15-05 


0.053 


31 


" -542 


15.21 


0.409 


35 


15-73 






. 15-96 


0.355 


29 


12.00 


5-54 


57 


1508 


0.175 


01 


14.89 


0.096 


JJ 


" .584 


15.61 


0.451 


04 


15.61 






. 15-73 


0.397 


07 


11.78 


5.58 


35 


15-27 


0.217 


13 


15-30 


0.138 


14 


3713-513 


15-27 


0.243 


00 


15-47 






• 15-27 


0.157 


03 


12.49 


19-51 


25 


15-16 


0.281 


09 


14.94 


0.185 


H 


« .68c 


15.21 


0.410 


35 


14.94 






. 15-73 


0.324 


07 


12.42 


19.68 


18 


15.73 


0.448 


31 


15-05 


0.352 


03 


3717-517 


14.94 


0.124 


IS 


14.89 






. 15-61 


0.252 


02 


11.72 


23-52 


22 


15-37 


0.323 


07 


14.76 


0.223 


06 


*^ .692 


15-30 


0.299 


II 


15-47 






. 15-78 


0.427 


28 


11.34 


23.69 


06 


15-57 


0.498 


13 


15.11 


0.398 


II 


" .817 


15-42 


0.424 


15 


14.79 






. 14.66 


0.064 


16 


10.86 


23.82 


51 


14.79 


0.623 


07 


14.66 


0.027 


03 


3724.53s 


14.66 


0.074 


14 


15-05 






. 15.61 


0.430 


23 


11.94 


4.80 


55 


14.94 


0.079 


12 


14.66 


0.300 


07 


« .676 


15-21 


0.215 


02 


15-30 






. 14.66 


0.083 


06 


11.34 


4.94 


06 


15-08 


0.220 


07 


15.21 


0.441 


08 


3748.572 


14.56 


0.549 


07 


14.89 






. 14.27 


0.038 


00 


11.34 


3-09 


03 


15.16 


0.347 


17 


14.61 


0.043 


II 


3775-556 


15-57 


0.438 


00 


14.89 






. 15-21 


O.15I 


01 


11.38 


4.34 


01 


15.21 


0.262 


01 


14.79 


0.253 


II 


3960.869 


15-42 


0.205 


27 


14.71 






. 15-42 


0.293 


23 


11.90 


9-47 


13 


14.79 


0.049 


06 


14.89 


0.138 


27 


4014.745 


15-42 


0.479 


13 


14.99 






. 15-57 


0.425 


07 


11.72 


11.86 


28 


15-42 


0.445 


00 


15.04 


0.468 


II 


4037-635 


15-42 


0.397 


14 


14.71 






. 15.68 


0.352 


01 


11.94 


9.02 


22 


15-37 


0.227 


21 


14.71 


0.056 


04 


" .663 


15.6 


0.425 


• • 


14-51 






- 15-37 


0.380 


30 


11.94 


9-04 


22 


15-42 


0.255 


21 


14.71 


0.084 


20 


4041.675 


15-57 


0.314 


II 


15-22 






. 14.07 


0.483 


03 


12.04 


13.06 


04 


15-22 


0.306 


06 


14.99 


0.130 


15 


4052.600 


14.22 


0.047 


^3 


14.66 






. 15.26 


O.171 


07 


1 1. 41 


23-98 


09 


14.66 


0.007 


02 


15-16 


0.147 


01 


4058.548 


14.66 


0.105 


02 


15.06 






• 15-37 


0.256 


23 


11.71 


4.19 


35 


14.82 


0.013 


13 


15-26 


0.145 


09 


" .662 


15-21 


0.219 


02 


14.82 






. 15-47 


0.370 


20 


11.72 


4-30 


35 


14.89 


0.127 


06 


14.66 


0.259 


00 


« .780 


15-42 


0.337 


07 


15-26 






. 14.04 


0.488 


06 


11.74 


4-42 


37 


15.06 


0.245 


13 


14.94 


0.377 


24 


" .854 


15-26 


0.41 1 


30 


14.89 






. 14.61 


0.073 


02 


11.58 


4.49 


21 


15.26 


0.319 


04 


IS-" 


0.451 


03 


4066.635 


15.06 


0.535 


25 


14.99 






. 14-27 


0.037 


00 


11.80 


12.28 


23 


15.06 


0.177 


01 


14.66 


0.300 


07 


4067.636 


15-37 


0.357 


16 


15-21 






. 14.40 


0.061 


06 


12.12 


13-28 


04 


15-42 


0.518 


03 


14.66 


0.309 


12 


4069.560 


15-58 


0.514 


32 


15-26 






. 14.17 


0.031 


06 


12.15 


15-20 


01 


15-26 


0.461 


17 


14.61 


0.250 


09 
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J.D. 


No. 39. P«- 0^.589033 


No. 40. Per. not del 


t'd. No. 41- Per. o<.488578 


No. 4a. Per. as'.74 


Na 43. Per. 0^.660335 


No. 44- Per. ©'.405797 | 


Magn. 


Phaae 


Res. 


Magn. 


Phase I 


tes. Magn. 


Phaae 


Res. 


Magn. 


Phaae 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phaae 


Res. 


4069.79s 


14.99 


0.160 


03 


15.11 




.. 15.58 


0.266 


04 


12.17 


15.44 


00 


14.66 


0.036 


05 


14.99 


0.485 


28 


4070.655 


15-37 


0.431 


20 


14.66 




. . 15.21 


0.149 


00 


12.22 


16.30 


03 


15.21 


0.236 


03 


14.89 


0.353 


20 


4071-538 


14.82 


0.136 


02 


14.99 




. . 14.40 


0.054 


01 


12.17 


17.18 


05 


15.26 


0.458 


16 


14.56 


0.245 


15 


" -747 


iS-37 


0.345 


14 


15." 




.. 15.58 


0.263 


03 


12.31 


17.39 


09 


14.66 


0.007 


02 


15.06 


0.454 


00 


4072.538 


14.66 


0.547 


II 


14.82 




. . 14.66 


0.077 


00 


12.49 


18.18 


26 


14.99 


0.138 


01 


14.61 


0.253 


07 


" -745 


15.06 


0.165 


08 


15.21 




.. 15.58 


0.284 


06 


12.22 


18.38 


01 


15.47 


0.345 


14 


14.82 


0.460 


20 


4073-553 


15.58 


0.384 


02 


14.66 




. 14.99 


O.II5 


01 


12.31 


19.19 


07 


15-37 


0.493 


07 


14.66 


0.276 


00 


" -758 


14.04 


0.000 


10 


14.99 




.. 15.58 


0.320 


08 


12.42 


19.40 


18 


14.71 


0.038 


00 


14.99 


0.481 


26 


4074.561 


15.26 


0.214 


08 


15.06 




. . 15.06 


0.146 


II 


12.15 


20.20 


08 


15.11 


0.180 


04 


14.82 


0.293 


13 


4085.663 


14.89 


0.124 


10 


14.99 




. . 14.17 


O.OII 


03 


11.80 


5.56 


36 


14.82 


0.058 


06 


14.71 


0.487 


01 


4086.608 


15.47 


0.480 


08 


14.82 




. . 14.22 


0.467 


04 


11.64 


6.51 


14 


15.26 


0.343 


07 


15.11 


0.441 


02 


4092-573 


14.27 


0.555 


05 


14.71 




. . 14.61 


0.081 


08 


11.82 


12.47 


21 


15.21 


0.366 


15 


14.94 


0.456 


II 


4093-532 


15.37 


0.336 


12 


14.66 




. . 14.56 


0.062 


06 


12.07 


13.43 


03 


14.66 


0.004 


02 


14.99 


0.424 


22 


« .762 


14.27 


0.566 


10 


15.06 




. . 15.26 


0.292 


39 


12.07 


13.66 


04 


15.06 


0.234 


12 


15." 


0.158 


06 


4133.607 


16.0 


0.357 


• • 


14.99 




. . 14.66 


0.074 


01 


11.07 


2.03 


17 


15.78 


0.465 


35 


14.99 


0.339 


04 


4147-519 


14.66 


0.132 


16 


14.99 




.. 15-47 


0.306 


19 


12.17 


15.94 


01 


15.37 


0.512 


05 


15.37 


0.369 


20 


4437.629 


15.88 


0.438 


31 


15.42 




. . 15.42 


0.200 


01 


12.00 


22.91 


07 


14.99 


O.II9 


06 


15.16 


0.437 


01 


4795-632 


15.47 


0.309 


03 


15.47 




. . 14.56 


0.076 


05 


12.20 


20.55 


02 


15.37 


0.275 


13 


14.71 


0.475 


12 


4846.568 


14.12 


0.588 


01 


14.89 




•- 15.37 


0.200 


07 


12.14 


20.01 


10 


15.47 


0.373 


II 


15.21 


0.344 


15 


4860.582 


15.78 


0.465 


21 


14.89 




. 14.27 


0.045 


06 


11.38 


8.28 


26 


15.47 


0.522 


14 


14.66 


0.476 


16 


4876-513 


16.10 


0.492 


58 


15.47 




• 15.93 


0.341 


26 


11.28 


24.21 


00 


14.89 


0.607 


16 


14.89 


0.045 


16 


4886.535 


• • • • 


• • • • 


• • 


14.76 




. . 14.89 


0.103 


02 


11.44 


8.50 


22 


14.99 


0.065 


21 


15.16 


O.151 


01 


5560.608 


14.89 


O.I3I 


08 


15.16 




. . 15.42 


0.427 


06 


12.20 


13.33 


II 


15.11 


0.038 


40 


15.01 


0.436 


16 


5562.605 


15.47 


0.361 


07 


15.42 




. . 14.17 


0.470 


05 


12.24 


15.32 


07 


14.76 


0.055 


00 


14.94 


0.450 


15 


5563594 


14.99 


0.172 


03 


15.78 




- 14.17 


0.482 


06 


12.14 


16.31 


05 


15.37 


0.383 


00 


14.99 


0.448 


II 


5579-SSi 


15.27 


0.225 


06 


14.76 




.- 15.47 


0.316 


19 


11.28 


6.53 


22 


15.47 


0.495 


04 


14.89 


0.043 


16 


5581-558 


15.61 


0.465 


04 


14.99 




- 15.47 


0.368 


20 


12.10 


8.54 


43 


15.27 


0.521 


07 


14.99 


0.067 


18 


5899.564 


1557 


0.393 


01 


15.22 




.- 15.57 


0.310 


09 


12.14 


17.66 


09 


15.32 


0.294 


06 


14.71 


0.267 


OS 


5901-555 


14.32 


0.028 


07 


15.32 




.. 15.57 


0.347 


10 


12.14 


19.66 


10 


15.42 


0.304 


14 


14.79 


0.275 


13 


« .646 


14.71 


O.II9 


05 


14.79 




■ . 15.22 


0.438 


00 


12.24 


19.7s 


00 


15.57 


0.39s 


20 


14.99 


0.366 


16 


6633.655 


14.51 


0.549 


02 


15.15 




. . 14.51 


0.068 


02 


11.38 


5.30 


05 


15.22 


0.203 


II 


14.99 


0.083 


08 


6634.509 


15.42 


0.225 


20 


15.42 




. . 15.22 


0.434 


02 


11.44 


6.IS 


04 


15.42 


0.397 


04 


14.79 


0.441 


35 


" -566 


15.42 


0.282 


04 


15.42 




14.12 


0.002 


02 


11.34 


6.21 


H 


15.42 


0.454 


01 


14.71 


0.002 


04 


« .682 


15.37 


0.398 


^P 


14.79 




. . 14.89 


O.I18 


12 


11.34 


6.32 


15 


14.79 


0.570 


II 


15.27 


O.I18 


15 


7021.639 


15.57 


0.360 


04 


15.42 




. - 14.99 


O.I2I 


04 


11.44 


7.18 


II 


14.66 


0.629 


06 


15.27 


0.354 


16 


7023.629 


14.32 


0.583 


19 


15.22 




.- 15.15 


0.157 


09 


11.44 


9.17 


29 


14.71 


0.639 


00 


14.99 


0.360 


14 


" .678 


14.27 


0.043 


06 


14.99 




.. 15.73 


0.206 


29 


11.38 


9.22 


35 


14.71 


0.028 


01 


15.42 


0.409 


19 


8157-558 


14.51 


0.034 


20 


14.66 




. . 14.89 


0.097 


04 


11.94 


10.54 


07 


15.37 


0.284 


II 


14.99 


0.402 


24 


9S33-8i6 


15.42 


0.3 1 1 


02 


14.99 




. . 14.32 


0.030 


09 


12.00 


22.58 


02 


14.71 


0.612 


01 


14.89 


0.327 


02 


« .888 


15.42 


0.383 


H 


14.99 




. . 14.89 


0.102 


00 


11.94 


22.65 


08 


14.79 


0.024 


09 


14.99 


0.399 


24 


" -914 


15.42 


0.409 


H 


15.42 




. . 15.22 


0.128 


16 


• • • • 


■ » • • 


m • 


14.99 


0.050 


26 


15.42 


0.425 


20 


" -947 


15.42 


0.442 


15 


15.37 




- 14.99 


O.161 


28 


"•75 


22.71 


25 


14.89 


0.083 


06 


15.IS 


0.458 


II 


9537-761 


14.99 


0.133 


17 


15.32 




. . 14.66 


0.067 


13 


11.38 


0.78 


17 


14.66 


0.596 


II 


14.99 


0.306 


25 


« .786 


14.89 


0.158 


05 


15-42 




.. 14.79 


0.092 


01 


11.48 


0.81 


27 


14.76 


0.621 


03 


15.22 


0.331 


27 


« .812 


14.89 


0.184 


18 


15.42 




. . 14.89 


O.I18 


12 


11.38 


0.83 


17 


14.79 


0.647 


10 


14.99 


0.357 


12 


" .836 


14.99 


0.208 


16 


15.42 




. . 14.89 


0.142 


27 


n-38 


0.86 


17 


14.79 


O.OII 


10 


15.22 


0.381 


03 


" .874 


15.32 


0.246 


04 


14.89 




.- 15.37 


0.180 


00 


11-38 


0.89 


17 


14.89 


0.049 


16 


15.15 


0.419 


08 


" .899 


15.42 


0.271 


06 


14.94 




• 15.57 


0.205 


II 


11.38 


0.92 


17 


14.99 


0.074 


17 


15.42 


0.444 


30 


" -924 


15.42 


0.296 


01 


14.89 




- 15.42 


0.230 


II 


"-38 


0.94 


17 


15.12 


0.099 


24 


15.42 


0.469 


SO 


" -950 


15.37 


0.322 


II 


14.89 




. . 15.42 


0.256 


17 


11.28 


0.97 


06 


14.99 


0.125 


05 


15.12 


0.495 


45 
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ANNALS OF HAfiVAIU) COLLEGE OBSERVATORY 



J.D. 


No. 45. Per. 0^.616637 1 No.^ 


|6. Per. not det'd. No. 47. Per. 0^.530735 


No. 48. Pct. not det'd. | No. 49- 


Per. not det'd. Na 50 


. Per.io6'.o | 


Magn. 


Phaae 


Rm. Mag 


n. Phase Res. Magn. 


Phase 


Rea. 


Masn. 


Phase Res. Magn. 


Phase Res. Magn. 


Phase 


Ro. 


"45-794 


• • • • 


• • • • 


• ■ • ■ • 




■ • • • • • 


• • • • 


• • 


• • • • 




13.78 


72.8 


39 


1148.796 


15-16 


0.196 


24 ... 




» • • • • • 


• • • • 


• " • 


14.66 




13.78 


75.8 


39 


1155-796 


• • • • 


• • • • 


• • • • • 




. . 14.71 


0.256 


72 


14.66 




13.78 


82.8 


26 


1161.809 


• • • • 


• • • • 


• ■ • • • 




. . 14.94 


0.332 


69 


14.66 




13.83 


88.8 


08 


1174.794 


• • • • 


• ■ • ■ 


• • • • • 




• • • • • • 


• • • • 


• • 


14.66 




13.83 


101.8 


83 


1178.785 


14.99 


0.586 


16 ... 




. . 14.66 


0.037 


30 


14.92 




13.40 


105.8 


40 


1199.701 


15-16 


0.537 


21 . .. 




• t • • • • 


• • • • 


• • 


14.79 




13.83 


20.7 


43 


3346.540 


14.94 


0.246 


09 15' 


M ■■■■ 


.. 15.57 


0.256 


14 


14.66 


15.47 


13.73 


47.5 


28 


3366.544 


1542 


0.517 


04 IS-. 


J7 •••• 


•• 15.47 


0.290 


06 


14.89 


15.61 


14.51 


67.5 


33 


3369.698 


14.94 


0.588 


14 15.- 


\2 .... 


. . 15.42 


0.206 


18 


14.83 


15.46 


14.17 


70.7 


01 


3370.528 


14.89 


0.185 


00 15., 


57 •■■• 


. . 15.16 


0.496 


j« 


14.99 


15.73 


14.22 


71.5 


04 


3371.529 


15-11 


0.569 


00 15.' 


73 •--• 


. . 15.37 


0.418 


39 


14.89 


15.42 


14.27 


72.5 


08 


3374.502 


I5-II 


0.459 


27 15- 


♦7 •-■• 


. . 15.08 


O.I S3 


07 


14.76 


15.37 


14.22 


75.5 


OS 


" .538 


15.46 


0.495 


07 IS.. 


\2 .... 


. . 15.21 


0.189 


04 


14.66 


r 15.36 


14.17 


75.5 


00 


3376.502 


14.66 


0.609 


24 15- 


\2 .... 


. . 14.66 


0.533 


00 


14.89 


15.42 


.... .. 14.27 


77.5 


II 


" -543 


14.56 


0.034 


17 IS-' 


5i .... 


. . 14.56 


0.03 s 


21 


I5.II 


15.61 


14.27 


77.5 


10 


" .584 


14.61 


0.075 


10 15.' 


73 -•-- 


. . 14.71 


0.076 


II 


15.47 


15.78 


14.17 


77.6 


00 


« .677 


14.61 


0.168 


22 15.. 


37 •■-• 


•. 15-37 


0.169 


29 


14.66 


15.42 


13.78 


77.7 


39 


3377-578 


15-05 


0.452 


33 15.' 


54 .... 


. . 14.89 


0.530 


17 


14.89 


15.57 


14.27 


78.6 


13 


3378.579 


14.89 


0.220 


09 is.( 


5i .... 


. . 15.96 


0.451 


19 


14.89 


15.61 


14.27 


79.6 


14 


3380.500 


15-37 


0.291 


23 IS- 


♦7 •- - 


.. 15.47 


0.214 


19 


14.79 


15.47 


14.27 


81.S 


19 


« .602 


15-37 


0.393 


05 IS-. 


37 •--■ 


.. 15.78 


0.316 


19 


14.94 


15.42 


14.22 


81.6 


14 


3390.604 


15-" 


0.529 


^7 IS-. 


33 •••• 


. . 14.56 


0.063 


05 


14.71 


15.37 


14.17 


91.6 


64 


3408.568 


14.66 


0.610 


25 IS-' 


61 .... 


•. 15.73 


0.216 


45 


14.83 


15.73 


13.73 


3-6 


s 


3409.544 


15-37 


0.353 


II IS- 


73 - •-• 


• . 15.16 


0.112 


35 


14.83 


15.47 


13.40 


4.5 


35 


" .623 


15-08 


0.432 


29 is.< 


♦7 •■-• 


•• 15.47 


0.191 


29 


15.05 


15.47 


13.40 


4.6 


35 


3411.603 


15.37 


0.562 


18 IS- 


\2 .... 


. . 14.22 


0.012 


02 


14.83 


15.78 


13.3s 


6.6 


27 


3412.560 


15-11 


0.286 


01 15., 


37 •■•• 


.. 15.83 


0.430 


07 


14.94 


15.47 


13.55 


7.6 


45 


3413-569 


14.27 


0.061 


20 I5.< 


♦7 •--• 


.. 15.78 


0.359 


10 


14.83 


15.37 


13.16 


8.6 


03 


3414.620 


14.99 


0.496 


40 15.. 


57 •-•• 


.. 15.73 


0.331 


10 


14.94 


15.73 


12.93 


9.6 


21 


3415.489 


14.71 


O.I3I 


01 15. 


57 ••■- 


. . 14.79 


0.120 


06 


14.83 


15.33 


13.40 


10.5 


24 


" -531 


14.94 


0.173 


10 15., 


♦7 •••• 


. . 14.94 


0.162 


11 


14.89 


15.47 


13.35 


10.5 


19 


" .572 


14.89 


0.214 


08 15., 


♦2 .... 


. . 15.21 


0.203 


02 


14.79 


15.42 


12.98 


10.6 


19 


« .614 


15.21 


0.256 


IS IS- 


57 ■••• 


• 15.73 


0.245 


34 


14.66 


15.73 


12.98 


10.6 


19 


3419-548 


15.21 


0.491 


18 15. 


78 .... 


. . 15.42 


0.401 


32 


14.79 


15.61 


13.30 


14-S 


06 


3422.494 


15.08 


0.353 


18 15. 


II .... 


. . 14.76 


0.109 


02 


14.89 


15.47 


13.35 


17-S 


04 


" -591 


14.89 


0.450 


49 15. 


21 


. . 15. II 


0.206 


12 


14.79 


15.61 


12.93 


17.6 


40 


3423.506 


14.56 


0.132 


'5 15.' 


♦7 •■•• 


. . 14.27 


0.042 


12 


14.71 


15.61 


13.30 


18.S 


03 


3666.64^ 


15.83 


0.320 


H 15.' 


78 .... 


.. 15.78 


0.308 


21 


14.76 


15.73 


14.22 


49.6 


19 


3673.681 


15.37 


0.569 


27 IS" 


♦2 .... 


•• 15.73 


0.324 


12 


15.11 


15.73 


14.22 


56.7 


10 


3693.638 


14.66 


0.177 


20 1$. 


16 .... 


. . 15.26 


0.3 1 1 


32 


14.79 


15^3 


14.22 


76.6 


06 


3694-577 


15.21 


0.499 


18 15- 


♦I .... 


. . 15.11 


0.171 


01 


14.94 


15.33 


14.17 


77.6 


02 


" .615 


15.47 


0.537 


10 15. 


16 .... 


•• 1537 


0.209 


12 


14.89 


15.37 


14.17 


77.6 


02 


3695-519 


14.99 


0.208 


OS IS-; 


27 .... 


. . 14.76 


0.033 


43 


14.89 


15.57 


14.27 


78.5 


14 


« .561 


15.08 


0.250 


03 15.; 


30 .... 


14.89 


0.075 


31 


14.94 


15.57 


14.17 


78.6 


03 


« .602 


15.05 


0.291 


09 15.' 


73 • • • • 


. . 14.94 


0.116 


II 


14.89 


15.73 


14.17 


78.6 


03 


« .644 


15.01 


0.333 


22 ISv 


JO .... 


. . 15.01 


0.158 


01 


14.76 


15.78 


14.22 


78.6 


08 


3698.504 


14.89 


O.IIO 


25 IS-' 


\2 .... 


.. 15.57 


0.320 


04 


14.76 


15.47 


13.95 


81.S 


12 


1 3699.499 


15.21 


0.488 


iS 15.; 


j8 .... 


-. 15.73 


0.235 


36 


14.79 


15.57 


13.83 


82.S 


22 




15.93 


0.531 


55 i5.< 


>I 


. . 16.10 


0.278 


60 


14.99 


15.57 


14.17 


82.5 


10 
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J.D. 


No. 45. Per. 0^.616637 


No. 46. Per. not det'd. 1 No. 47. Per. 0^.539725 


No. 48. Per. not det'd. 1 No. 40. Per. not det'd. 1 No. 50. Per. io6<.o 1 


Ma«a. 


Phase 


Re*. 


Magn. 


PhaM ] 


tes. M«(n. 


Phase 


Res. 


Magn. 


Phase ] 


les. Magn. 


Phase ] 


Etes. Magn. 


Phue 


Res. 


3699.584 


15.27 


0.573 


24 


15.37 




•• 15.73 


0.320 


12 


14.94 




. . 15.61 




• • 13.95 


82.6 


10 


3713.513 


15.05 


0.320 


14 


15.37 




•• 15.27 


0.216 


01 


14.94 




. . 15.61 




. . 12.93 


96.5 


12 


« .680 


15." 


0.487 


28 


15.21 




•• 15.57 


0.383 


15 


14.73 




• 15.73 




. . 12.88 


96.7 


16 


3717.517 


14.56 


0.007 


21 


15.61 




•• 15-73 


0.442 


04 


14.66 




• 15.47 




. . 12.83 


100.5 


17 


" .692 


14.61 


0.182 


27 


15.30 




. . 14.66 


0.077 


06 


14.76 




• 15.57 




. . 12.83 


100.7 


17 


« .817 


14.56 


0.307 


R 


16.0 




. . 16.0 


0.202 


■ • 


14.56 




. . 15.42 




. . 12.88 


100.8 


12 


3724.535 


14.73 


0.242 


30 


15.16 




■■ 15.57 


0.444 


20 


14.89 




• 15.37 




. . 12.93 


1.5 


08 


« .676 


I5.II 


0.333 


20 


15." 




. . 14.27 


0.045 


H 


14.76 




.. 15.83 




• • 13.35 


1.7 


34 


3748.572 


14.94 


0.230 


06 


15.26 




. . 15.16 


0.193 


01 


14.89 




.. 15.36 




• • 13.30 


25.6 


22 


3775.556 


14.56 


0.082 


02 


15.37 




•• 15.27 


O.I9I 


10 


14.89 




• 15.47 




• • 13.83 


52.6 


25 


3960.869 


15.37 


0.404 


04 


15.42 




• • 15.42 


0.373 


29 


14.71 




• 15.42 




• • 13.45 


25.9 


08 


4014.745 


14.12 


0.016 


24 


15.42 




• • • • • • 


• • • • 


• • 


14.89 




•• 15.73 




. . 13.40 


79-7 


R 


4037.635 


14.51 


0.091 


05 


15.42 




. . 15.42 


0.503 


02 


14.71 




. . 15.42 




• • 13.25 


102.6 


25 


" .663 


14.71 


O.II9 


06 


15.42 




. . 14.61 


0.531 


09 


14.71 




. . 15.42 




• 13.30 


102.7 


30 


4041.67s 


15.22 


0.431 


15 


15.42 




. . 14.99 


0.225 


34 


14.79 




•. 15.32 




• 13.3s 


0.7 


34 


4052.600 


15.06 


0.256 


01 


15.58 




.. 15.53 


0.356 


09 


14.94 




. . 15.26 




• • 13.52 


11.6 


33 


4058.548 


14.40 


0.038 


00 


15.58 




• 15.73 


0.367 


04 


14.94 




. . 15.26 




• 13.52 


17.5 


20 


« .662 


14.99 


0.152 


21 


15.58 




.. 15.93 


0.481 


26 


14.89 




. • 15.21. 




• 13.52 


17.7 


20 


" .780 


15." 


0.270 


02 


15.73 




. . 14.61 


0.059 


13 


14.89 




. . 15.26 




• 13.52 


17.8 


19 


" .854 


15.21 


0.344 


04 


15.58 




. . 15.06 


0.133 


14 


14.99 




• 15.37 




• 13.45 


17.9 


13 


4066.635 


14.66 


0.109 


03 


15.58 




.. 15.73 


0.353 


05 


14.89 




. 15.26 




• 13.52 


25.6 


00 


4067.636 


15.21 


0.493 


18 


15.73 




. . 15.26 


0.280 


25 


14.89 




• 15.37 




• 13.52 


26.6 


02 


4069.560 


15." 


0.567 


02 


15.47 




. . 14.27 


0.045 


13 


14.89 




■ 15.37 




• 13.52 


28.6 


08 


" .795 


14.71 


0.186 


18 


15.58 




.. 15.73 


0.280 


27 


14.82 




• 15.37 




• 13.45 


28.8 


16 


4070.655 


15.16 


0.429 


21 


15.42 




. . 14.40 


0.060 


10 


14.89 




. . 15.26 




• 13.52 


29.6 


II 


4071.538 


14.61 


0.079 


08 


15.26 




. . 15.26 


0.404 


49 


14.82 




. 15.26 


• 


• 13.52 


30.5 


13 


" .747 


15.06 


0.288 


07 


15.37 




. 14.40 


0.073 


16 


14.82 




• 15.47 




• 13.52 


30.7 


13 


4072.538 


15.21 


0.462 


17 


15.26 




. . 15.26 


0.324 


35 


14.89 




. . 15.42 




• 13.52 


31.5 


16 


" .745 


14.40 


0.052 


03 


15.26 




. . 14.66 


0.531 


02 


14.89 




. 15.47 




• 13.73 


31.7 


05 


4073.553 


14.99 


0.244 


04 


15.26 




.. 15.58 


0.260 


13 


14.94 




• 15.47 




.. 13.88 


32.5 


16 


- .753 


15.21 


0.449 


17 


15.42 




. 15.73 


0.465 


05 


14.94 




. 15.42 




.. 13.78 


32.8 


06 


4074.561 


14.56 


0.018 


20 


15.47 




. . 15." 


0.188 


05 


14.99 




• 15.37 




.. 13.78 


33.6 


04 


4085.663 


14.66 


0.021 


29 


15.58 




.. 15.98 


0.496 


45 


14.99 




• 15.37 




. 14.04 


44-7 


07 


4086.608 


14.82 


0.349 


43 


15.58 




.. 15.73 


0.361 


09 


15.06 




• 15.47 




. 14.04 


45.6 


06 


4092.573 


14.89 


0.148 


12 


15.78 




.. 15.98 


0.389 


25 


14.82 




• 15.37 




. 14.22 


51.6 


16 


4093.532 


15.21 


0.490 


18 


15.37 




• 15.42 


0.269 


05 


14.89 




.. 15.58 




. 14.22 


52.5 


14 


« .762 


14.56 


0.104 


06 


15.37 




.. 15.98 


0.499 


48 


15.06 




• 15.58 




. 14.04 


52.8 


05 


4133.607 


14.89 


0.484 


50 


15.78 




.. 15.78 


0.404 


04 


14.89 




.. 15.73 




• 12.93 


92.6 


50 


4147.519 


14.89 


0.213 


07 


15.47 




. 15.47 


0.283 


05 


14.76 




• 15.37 




• ".93 


0.5 


08 


4437.629 


15.42 


0.504 


03 


15.42 




• 14.27 


0.021 


00 


14.89 




. 15.61 




• 13.93 


78.6 


21 


4795.632 


• • • • 


• • • • 


• • 


15.47 




. . 15.42 


0.187 


27 


14.71 




. 15.42 




» • • • • • 


• . • . 


• • 


4846.568 


14.56 


0.613 


16 


15.47 




. 15.78 


0.388 


05 


14.79 




• 15.73 




• 14.07 


63.6 


10 


4860.582 


15.47 


0.444 


08 


15.61 




.. 15.78 


0.370 


08 


14.94 




. . 15.42 




• 14.27 


77.6 


12 


4376.513 


15.37 


0.342 


13 


15.47 




. . 14.61 


0.109 


^7 


14.71 




• 15.37 




.. 12.83 


93.5 


47 


4386.535 


• • ■ ■ 


• • • • 


• • 


15.42 




. 16.15 


0.416 


39 


14.99 




. 15.16 




. . 12.93 


103.5 


07 


5560.608 


14.71 


0.587 


10 


15.73 




.. 15.83 


0.372 


13 


14.94 




•• 15.47 




.. 13.83 


35.6 


05 


5562.605 


14.89 


0.117 


24 


15.42 




-. 15.37 


0.210 


12 


15.05 




• 15.37 




. . 14.12 


37-6 


29 


5563.594 


15.37 


0.490 


02 


15.37 




■ . 14.99 


0.120 


14 


14.99 




•. 15.37 




.. 13.83 


38.6 


ot 


5579.551 


15.37 


0.414 


01 


15.37 




. . 15.61 


0.425 


15 


14.89 




.• 15.37 




. . 14.17 


54-6 


07 


5531.558 


14.94 


0.571 


H 


15.47 




•. 15.37 


0.273 


II 


14.89 




.. 15.37 




. . 14.22 


56.6 10 1 
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ANNALS OF HARVABD COLLEGE OBSEKVATO&Y 



;.D. 


Na 45. Per. o^.6i66j 


(7 No. 46. Per. not 4 


let'A No. 47. Per. o^.S397J 


15 1 No. 48. Per. no 


t det'd. No. 49. Per. not 4 


let'd. No. 50. Per. lod'.o 1 


Magn. I 


»lUM Rl 


es. Magn. 


Phase 


Res. Magn. Phase Res.! Magn. Phase 


Res. Magn. 


Phase 


Res. Magn. 


Phase 


Res. 


5899564 


15-37 


•393 


5 15.57 




.. 15-42 


.381 30 14.84 . . . . 


.. 15.42 




.. 14.32 


56.6 


20 


5901-555 


15.42 


•534 


4 15.42 




. . 15.22 


.213 03 14.94 


.. 15.42 




.. 14.32 


58.6 


18 


« .646 


14.27 


.008 


8 15.42 




.. 15-42 


.304 14 14.71 


• 15-57 




. . 14.07 


58.6 


07 


6633655 


14.27 


.069 2 


3 15.42 




.. 15.83 


.446 06 14.99 • • • • 


.• 15-37 




.. 13.88 


48.7 


14 


6634.509 


15.42 


.306 2 


5 15.32 




. . 14.99 0.221 JJ 14.89 


.. 15-42 




.. 14.12 


49.5 


09 


' .566 


15-42 


•363 I 


4 15.22 




. . 15.42 0.278 08 14.89 . . . . 


. . 15-42 




.. 13.88 


49.6 


15 


" .682 


14.99 


•479 4 


15.42 




• 15-57 


.394 16 14.89 


•- 15-37 




. . 14.12 


49.7 


08 


7021.639 


14.79 


.188 I 


15.42 




.. 15-57 


.368 12 14.71 


• . 15-42 




•• 13.45 


12.6 


24 


7023.629 


15-12 


.328 


P 15.42 




. . 14.89 


.199 J2 14.71 . . . . 


.. 15.42 




. . 12.98 


14.6 


26 


" .678 


I5-S7 


•377 2 


7 15.42 




. . 14.99 


.248 4 


7 14.71 . . . . 


•• 15-57 




• 13.13 


14.7 


II 


8157.558 


15.22 


.262 I 


4 15.42 




.. 14.79 


.166 2 


7 14.99 


.. 15.27 




•• 13-35 


88.6 


45 


9533.816 


14.89 0. 


.i86 


15.57 




.. 14.71 0.125 1^114.89 .... 


.. 15.42 




.. 13.99 


86.8 


lO 


" .888 


iS-37 


•258 3 


15.42 




.. 15.22 


.197 


I 14.89 


.. 15.42 




.. 13-78 


86.9 


77 


" .914 


iS-32 


.284 I 


9 15-57 




. . 14.99 


•223 3 


3 14.99 


.. 15.42 




.. 13.88 


86.9 


01 


" .947 


15.42 


•317 2 


3 15.42 




. . 15.37 0.256 0(5 1 15.12 


.. 15.42 




.. 13.88 


86.9 


01 


9537.761 


15-57 


.431 2 


15.57 




.. 15.42 


.292 I 


7 1 14.99 


. . 15-42 




.. 13.88 


90.8 


28 


" .786 


15-42 


.456 


4 15.57 




• 15-57 


.317 oj| 14.89 


.. 15-42 




. . 14.12 


90.8 


52 


" .812 


15-57 


.482 I 


8 15-73 




• 15-73 


•343 


8 1 14.89 


. . 15-42 




.. 13.78 


90.8 


18 


" .836 


15-51 


.506 I 


2 15.42 




• 15-57 


.367 12 1 14.89 


.. 15.42 




.. 13.88 


90.8 


28 


" .874 


15-73 


•544 3 


8 15.83 




• 15-73 


.405 


7 14.99 


. . 15.42 




.. 13.88 


90.9 


29 


" .899 


14.71 


•569 3 


P 15-42 




. . 15-42 


•430 3 


4 14.99 


• . 15-42 




.. 13.88 


90.9 


29 


" .924 


14.61 


.594 


6 15.42 




.. 15-83 


.455 06 14.89 


. . 15-42 




.. 13.68 


90.9 


09 


" .950 


14-32 


.004 


3 15-42 




• 15-57 


.481 75 14.99 


.. 15.42 




.. 13.78 


91.0 


20 


J.D. 


No. 51- Per. not det' 


d. No. s>. Per. o'.so 


1790 Na S3- Per. not det' 


d. No. 54. Per. no( 


tdet'd. No. SS. Per. 0^.40 


0737 Na s6. Per. 0^.534690 1 


Magn. I 


'hue R< 


es. Magn. 


Phase 


Res. Magn. I 


'hase R< 


n. Magn. Phase 


Res. Magn. 


Phase 


Res. Magn. 


Phase 


Res. 


1145.794 


14.17 . 




• • • • ■ 


• • • • 


. . 13.88 . 




. 13.88 .... 


• • • • • • 


• • • • 


. . 14.14 


• • • • 


• • 


1148.796 


14.17 . 




• • • • • 


• • • • 


.. 13-45 . 




. 14.27 .... 


. . 14.66 


0.096 


31 14.66 


0.006 


29 


"55.796 


14.39 • 




• • • • • 


• • • • 


. . 14.56 . 




. 13.83 .... 


• • • • • • 


• • • • 


14.61 


0.055 


09 


I161.809 


14.42 . 




. 14.66 


0.362 


74 14.17 • 




. 14.56 .... 


. . 14.66 


0.350 


S8 .... 


• • • • 


m • 


1174.794 


14.27 . 




• • • • • 


• • • • 


.. 14.17 • 




. 14.17 •. 


• • • • • ■ 


• • • • 


• • • • • • 


• • • • 


• • 


1178.785 


14-56 . 




. 15-16 


0.277 


21 14.02 




. 14.61 . . . . 


• • • • • • 


• • • • 


. . 14.61 


0.052 


06 


1199.701 


14.27 . 




. 14.66 


o.n8 


77 14.22 . 




. 14.45 • ... 


. . 14.61 


0.455 


39 15.06 


O.II5 


04 


3346.540 


14.17 • 




• 15-30 


0.299 


08 14.45 . 




. 14.27 


•• 15-37 


0.320 


13 15.42 


0.174 


20 


3366.544 


14.27 . 




. I5-" 


0.232 


17 




. 15.37 .... 


.. I5.II 


0.203 


08 15.58 


0.395 


03 


3369.698 


14.42 . 




• 15.36 


0.375 


04 14.42 




. 14.94 ... 


. . 14.89 


0.413 


29 15.58 


0.340 


00 


3370.528 


14-51 • 




. 15.16 


0.201 


04 14.42 . 




. 15.05 ... 


.. 15.21 


0.262 


02 15.06 


O.IOI 


10 


3371.529 


14.27 . 




. 15." 


0.199 


08 14.27 . 




. 15.II 


.. 15.21 


0.281 


03 14.40 


0.033 


15 


3374.502 


14-32 . 




. 14.99 


0.161 


07 14.42 . 




. 14.56 ... 


.. 15.11 


0.310 


^3 15-78 


0.332 


20 


" .538 


14.42 . 




. 15.16 


0.197 


03 14.56 • 




. 14.56 ... 


•• 15-37 


0.346 


13 15-26 


0.368 


34 


3376.502 


14.56 . 




. 14.99 


0.154 


04 14.56 . 




. 15.47 •••. 


.. 15-11 


0.347 


13 


• • • • 


• • 


" .543 


14.42 . 




. 15." 


0.195 


08 14.56 . 




. 15.73 -... 


.. 15.16 


0.388 


06 15.58 


0.234 


16 


" .584 


14.27 . 




• 15-47 


0.236 


19 14.56 • 




. 15.78 .... 


. . 14.89 


0.429 


24 15-58 


0.27s 


06 


" .677 


13.83 . 




• 15-37 


0.329 


02 14.17 . 




. 15.16 


. . 14.61 


0.031 


JP 15-58 


0.368 


02 


3377.578 


14.61 




• 15-37 


0.226 


II 14.56 . 




. 15-73 •• • 


. . 14.94 


0.441 


14 15.42 


0.200 


II 


3378.579 


14.56 . 




• 15.37 


0.224 


12 14.27 . 




. 14.27 .... 


.. 14.99 


0.461 


05 15.16 


0.132 


07 


3380.500 


14.61 




. 14.89 


0.138 


05 14.56 . 




. 15-47 ••.. 


. . 15.08 


0.419 


op 15.58 


0.449 


II 


" .602 


14-56 . 




• 15-37 


0.240 


08 14.89 . 




. 15.37 .... 


.. 14.89 


0.030 


09 14.82 


0.016 


40 


3390.604 


14.22 




. 15-21 


0.206 


00 14.51 




. 14.89 


.. 15-11 


0.217 


og 15.26 


0.394 


34 



OBSERVATIONS OF THE VARIABLES IN MESSIER 5 
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J.D. 


No. 51. Per. do 


t det'd. No. sa. Per. 0^.501790 


No. S3. Per. no 


t det'd. No. 54. Per. not de 


t'd. No. $$. Per. o'.490737 


No. 56. Per. 0^.534690 1 


Magn. Phase 


Res. Magn. 


Phase 


Res. 


Magn. Phase 


Res. Magn. 


Phase I 


les. Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


3408.568 


14.56 .... 


.. 14.66 


0.105 


12 


14.66 . . . . 


. . 14.22 




. . 14.66 


0.024 


13 


15-42 


0.178 


20 


3409.544 


14.45 • • . • 


. . 14.66 


0.078 


04 


14.42 


.. 15.21 




. . 14.66 


0.019 


12 


15.06 


0.085 


18 


« .623 


14.32 . . . . 


.. 14.99 


O.I57 


04 


14.56 . . . . 


.. 15.47 




. . 14.99 


0.098 


00 


15-47 


0.164 


27 


3411.603 


14.27 . . . . 


.. 14.99 


0.130 


08 


14.79 ... 


•• 15.73 




. . 14.89 


0.115 


15 


14.22 


0.005 


^5 


3412.560 


14.56 .... 


.. 14.56 


0.083 


08 


14.27 . . . . 


.. 15.47 




. . 14.99 


0.090 


01 


15.98 


0.427 


39 


3413-569 


14.51 • • • • 


.. 14.76 


0.088 


II 


14.42 


. . 14.66 




.. 15.23 


O.I18 


i8 


15.78 


0.367 


18 


3414.620 


14.02 . . . . 


.. 15.16 


0.136 


23 


14.66 . . . . 


.. 15.21 




.. 15-37 


0.187 


20 


15.78 


0.348 


19 


3415.489 


14.42 . . . . 


. . 14.12 


O.OOI 


12 


14.27 . . . . 


. . 14.89 




. . 14.79 


0.075 


14 


15.16 


0.148 


02 


" .531 


14.56 .... 


.. 14.39 


0.043 


02 


14.27 . . . . 


.. 15-37 




. . 14.94 


0.117 


10 


15.37 


0.190 


10 


" -572 


14.32 


.. 14.56 


0.084 


08 


14.27 . . . 


.. 15-37 




. . 15.21 


0.158 


08 


15.58 


0.231 


18 


« .614 


14.56 .... 


. . 14.66 


0.126 


23 


14.56 . . . . 


.. 15-21 




. . 15-37 


0.200 


18 


15.98 


0.273 


47 


3419.548 


14.22 . . . . 


14.22 


0.046 


20 


14.17 . ... 


.. 14.27 




. . 15-21 


0.208 


02 


15.58 


0.464 


28 


3422.494 


14.17 •• • 


. . 14.22 


0.483 


06 


14.45 ... . 


.. 15.05 




. . 15.16 


0.209 


04 


15.26 


0.202 


06 


" 591 


14.22 . . . . 


. . 14.66 


0.078 


04 


14.27 . . . . 


. . 14.66 




.. 15-05 


0.306 


JP 


15.26 


0.299 


28 


3423.506 


14.22 


.. 14.17 


0.491 


09 


14.27 


• 15-37 




. . 15." 


0.240 


II 


14.82 


O.I4S 


31 


3666.649 


14.17 .... 


.. 14.99 


0.266 


35 


14.22 


. . 14.61 




. . 14.94 


0.468 


lO 


14.61 


0.004 


24 


3673.681 


14.27 . . . . 


.. 15.42 


0.273 


06 


14.27 . . . . 


.. 15-37 




.. 14.79 


0.139 


31 


14.94 


0.085 


06 


3693-638 


14.17 .... 


.. 14.94 


0.159 


10 


14.17 .... 


. . 14.61 




• . 15-05 


0.467 


21 


15.26 


0.258 


21 


3694.577 


14.02 . . . . 


.. 14.79 


0.094 


08 


14.39 . . . . 


. . 14.89 




. . 15-21 


0.424 


04 


15-22 


0.128 


14 


« .615 


14.39 . . . . 


.. 14.79 


0.132 


13 


14.66 


• . 14.94 




. . 14.89 


0.462 


04 


15-16 


0.166 


04 


3695-519 


14.39 ••• 


.■ 14.39 


0.032 


05 


14.76 .... 


. • 14.99 




. . 15. II 


0.385 


II 


15.06 


O.OOI 


71 


" .561 


14.39 .... 


. . 14.61 


0.074 


00 


15.II .... 


. . 14.66 




. IS-27 


0.427 


13 


14.82 


0.043 


20 


« .602 


14.17 . . . . 


.. 14.79 


0.II5 


04 


14.89 .... 


.. 14.56 




. . 14.94 


0.468 


09 


14.82 


0.084 


06 


" .644 


14.27 . . . . 


.. 14.76 


0.157 


28 


14.56 . . . . 


. . 15.01 




. . 14.89 


0.019 


II 


15.58 


0.126 


52 


3698.504 


14.39 .... 


. . 14.42 


0.007 


16 


14.22 . . . . 


. . 14.94 




• . 15-30 


0.425 


IS 


15-78 


0.312 


22 


3699.499 


13-83 . •• 


.. 14.56 


0.500 


32 


14.27 . . . . 


. . 14.89 




.. 15-37 


0.439 


28 


15.26 


0.238 


16 


« .542 


14.27 . . . . 


. . 14.42 


0.041 


03 


14.76 .... 


. . 15.08 




. . 14.79 


0.482 


02 


15.78 


0.281 


25 


" .584 


14.17 ••• 


.. 14.66 


0.083 


02 


14.89 . . . . 


. . 15.61 




. . 14.89 


0.033 


08 


15.78 


0.323 


21 


3713-513 


14.02 . . . . 


.. 14.79 


0.464 


27 


14.94 . . . . 


.. 14.84 




• • 15-30 


0.221 


10 


15.16 


0.350 


43 


« .680 


14.27 . . . . 


.. 14.89 


0.129 


00 


13.95 ... 


. . 14.66 




. . 14.94 


0.388 


27 


14.66 


0.517 


21 


3717-517 


14.17 • •• 


.. I5-II 


0.453 


13 


13-83 . ... 


•. 14.73 




•. 15-57 


0.300 


33 


15.06 


0.076 


23 


« .692 


14.17 . . . . 


.. 14.89 


0.127 


00 


13-83 • ... 


•• 14.73 




. . 14.79 


0.475 


01 


15-78 


0.251 


32 


« .817 


14.17 •••• 


• 15-30 


0.252 


03 


13.78 .... 


. . 14.42 




. . 15.61 


0.109 


59 


• • • • 


• • • • 


• • 


3724-535 


14.56 . ... 


• 15.05 


0.446 


17 


14.27 . . . . 


.. 15-27 




. . 14.99 


0.447 


05 


15-06 


0.143 


07 


« .676 


14.22 . . . . 


.. 14.56 


0.086 


09 


14.56 .... 


. . 14.66 




. . 15.11 


0.097 


13 


15.58 


0.284 


05 


3748-572 


14.17 . . . . 


. . 15.26 


0.397 


14 


14.22 


. . 14.66 




. . 14.94 


0.438 


16 


15.16 


0.II9 


13 


3775-556 


14.27 . . . . 


.. 15.21 


0.285 


16 


14.66 


. . 15.21 




. . 14.99 


0.432 


14 


15-58 


0.369 


02 


3960.869 


14.27 . . . . 


• 15.3^ 


0.437 


05 


14.32 . . . . 


• • • • • • 




. . 15.22 


0.246 


00 


14.99 


0.144 


14 


4014.745 


13.88 .... 


.. 14.71 


0.120 


14 


• ••• •••• 


• • • • • • 




. . 14.94 


O.141 


17 


14.71 


0.017 


28 


4037.635 


14.17 • • 


.. 15.42 


0.429 


03 


14.12 


• • • • • • 




. . 14.89 


0.457 


08 


15.22 


0.450 


^5 


" .663 


14.30 .... 


. . 14.71 


0.457 


19 


14.32 . . . . 


• • • • • • 




. . 14.71 


0.485 


OS 


14.71 


0.478 


42 


4041.675 


■ ••• ■••• 


.. 14.71 


0.455 


20 


14.17 ... 


. . 14.51 




. . 14.71 


0.080 


22 


15.37 


0.212 


03 


4052.600 


14.22 . . . . 


.. 15.26 


0.341 


13 


14.40 .... 


. . 15.06 




. . 15.06 


0.209 


H 


15.26 


0.443 


26 


4058.548 


• ••• •••• 


• 15.47 


0.267 


13 


14.56 .... 


•• 15-37 




. . 15.06 


0.268 


17 


14.61 


0.510 


09 


« .662 


14.27 . . . . 


• 15-73 


0.381 


33 


14.61 . . . . 


.. 15-98 




. . 1506 


0.382 


16 


15.06 


0.089 


16 


« .780 


14.40 . . . . 


.. 14.04 


0.499 


20 


14.56 ... 


.. 15-78 




. . 14.82 


O.OIO 


06 


15.37 


0.207 


04 


4058.854 


14.40 . . . . 


.. 14.56 


0.071 


01 


14.56 .... 


. . 14.40 




. . 15.06 


0.084 


II 


15-42 


0.281 


10 


4066.63s 


14.27 . . . . 


.. 15.26 


0.326 


13 


14.27 . . . . 


. . 14.82 




. . 14.82 


0.013 


06 


14.61 


0.042 


00 


4067.636 


14.40 . . . . 


• 15-37 


0.323 


02 


14.40 . . . . 


.. 15-58 




. . 14.82 


0.032 


02 


14.40 


0.508 


15 


4069.560 


14.40 .... 


• 15-37 


0.240 


08 


14.27 . . . . 


. . 15.42 




. . 14.99 


0.484 


22 


15-47 


0.293 


07 
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ANNALS OF HARVABD COLLEGE OBSERVATORY 



J.D. 


No. 51* Per. no 


t det'd. No. S2. Per. 0^.501790 1 No. 53. Per. not det'd. 1 No. 54. Per. no 


t det'd. No. ss. Per. 0^.490737 


Na $6. Per. €^.$$4690 \ 


Magn. Phase 


Res. Magn. 


Phase 


Res. 


Macn. P 


base K 


es. Magn. Phase 


Res. Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 

08 


4069.79s 


14.27 • • • 


. . 14.22 


0.475 


II 


14.27 . 




. 14.40 


.. 15.26 


0.228 


05 


14.27 


0.528 


4070.655 


14.40 


. . 15.26 


0-331 


13 


14.22 




. 14.40 .... 


.. 14.89 


0.107 


^3 


15.73 


0.319 


16 


4071-538 


14.40 


. . 15.06 


0.2II 


^7 


14.04 . 




. 14.66 


. . 14.82 


0.008 


06 


15.04 


0.132 


03 


" -747 


14.40 


.. 15.58 


0.420 


18 


14.40 . 




. 15.26 .... 


. . 15.26 


0.217 


06 


15-58 


0.341 


00 


4072.538 


14.40 


. . 15.06 


0.207 


16 


14-27 • 




. 14.56 .... 


.. 14.89 


0.027 


09 


14.71 


0.063 


05 


" .745 


14.22 


. . 15.26 


0.414 


H 


14-27 • 




• •••• •••• 


.. 15-" 


0.234 


II 


15-37 


0.270 


13 


4073-553 


14.27 . . . . 


. . 15.26 


0.219 


01 


14.27 . 




. 15.26 


. . 14.66 


0.060 


22 


14.40 


0.009 


01 


" -758 


14.22 


.. 15.42 


0.424 


03 


14.04 . 




. 15.58 ... 


.. 15.16 


0.265 


07 


15.26 


0.214 


09 


4074.561 


14.40 


.. 15." 


0.223 


15 


14.04 . 




. 15.26 


. . 14.82 


0.087 


14 


14.99 


0.482 


06 


4085.663 


14.40 


•• 15.47 


0.286 


10 


14.27 . 




. 14.66 


.. 14.94 


0.393 


27 


15.73 


0.356 


14 


4086.608 


• ••• •••• 


• 15.47 


0.227 


20 


• • • • • 




• •••• •••• 


. . 15.06 


0.356 


^7 


15-42 


0.231 


02 


4092-573 


14.40 


.. 15.16 


O.I7I 


06 


14.27 . 




. 15.26 


.. 14.99 


0.432 


^4 


15-58 


0.315 


01 


4093-532 


14.40 


. . 14.82 


0.126 


07 


14.04 . 




. 15.06 


.. 15.16 


0.410 


02 


15-58 


0.204 


25 


" .762 


14.40 


. . 15.26 


0.356 


14 


14.82 




• •■•• •••• 


. . 15.06 


0.149 


07 


IS-58 


0.434 


00 


4133-607 


14.12 


.. 14.27 


0.058 


22 


14.12 . 




• •••• ••■■ 


. . 15-21 


0.245 


01 


15-42 


0.177 


19 


4147519 


14.51 • • • 


.. 1547 


0.421 


07 


14.56 . 




. 15-47 •••• 


.. 14.89 


0.416 


28 


15.16 


0.187 


10 


4437629 


14.17 • . . . 


• 13.93 


0.497 


32 


14.22 . 




. 14.56 . . . . 


.. 14-99 


O.OIO 


23 


14.56 


0.496 


26 


4795-632 


• ••• ••■• 


. . 15.6 


0.222 


• • 


• • • • • 




• •••• •••• 


. . 15.42 


0.265 


19 


15-47 


0.256 


00 


4846.568 


14.22 


. . 14.12 


0.477 


20 


14.51 • 




. 15-47 •••• 


.. 15-37 


0.165 


23 


15-47 


0.397 


13 


4860.58a 


14.56 . . . . 


.. 15.78 


0.441 


45 


14.61 




. 15.78 .... 


.. 14.89 


0.438 


21 


14.66 


0.509 


14 


4876.513 


14.17 . . . . 


.. 15.47 


0.315 


09 


14.51 • 




. 14.99 — 


.. 15-21 


0.175 


06 


15-47 


0.399 


13 


4886.535 


• ••• •••• 


.. 15-42 


0.301 


05 


• • • • • 




• •••• •••• 


.. 14.99 


0.382 


23 


15-42 


0.262 


07 


5560.608 


14.56 .... 


.. 14.42 


0.470 


03 


14.66 . 




. 14.66 


.. 14.99 


0.182 


18 


14.71 


0.091 


19 


5562.605 


14.32 . . . . 


. . 14.89 


0.460 


X7 


14.66 . 




. 15.42 .... 


.. 15.16 


0.216 


04 


15.21 


0.484 


18 


5563-594 


14.27 . . . . 


.. 15.47 


0.445 


27 


14.94 . 




. 15-47 ... 


.. 15-37 


0.224 


16 


15.93 


0.403 


33 


5579-551 


14.32 . . . . 


.. 15-37 


0.345 


03 


14.17 . 




. 14.89 


. . 14.66 


0.477 


13 


15.47 


0.320 


10 


5581-558 


14.51 • • 


.. 15.21 


0.345 


19 


14.56 . 




. 14.89 .... 


. . 14.66 


0.031 


15 


15.21 


0.188 


06 


5899.564 


14.27 .... 


.. 15.42 


0.216 


18 


14.32 . 




. 15.42 


.. 14.71 


0.039 


II 


14.71 


0.053 


02 


S90I-55S 


14.32 .... 


.. 15.15 


0.200 


05 


14.51 • 




. 15.42 .... 


. . 14.84 


0.067 


07 


15.73 


0.440 


19 


" .646 


14.34 ... 


.. 15.42 


0.291 


05 


14.32 . 




. 13.88 .... 


. . 15.22 


0.158 


09 


14.02 


0.531 


33 


6633.655 


14.12 


.. 15.42 


O.I 88 


27 


• • • • • 




. 14.12 


.. 14.71 


0.478 


08 


14.71 


0.015 


29 


6634.509 


14.17 . • . . 


.. 14.32 


0.038 


05 


14.42 . 




. 14.66 


.. 15.42 


0.351 


18 


15-42 


0.334 


16 


" .566 


14.07 . . . . 


. . 14.61 


0.095 


II 


14.32 . 




. 14.17 •. 


.. 15-32 


0.408 


14 


15-42 


0.391 


18 


« .682 


13.93 .••• 


.. 15.42 


0.211 


19 


14.32 . 






.. 14-71 


0.033 


10 


14.89 


0.507 


34 


7021.639 


14.17 . • . . 


.. 15.42 


0.288 


05 


14.32 . 






.. 15.42 


0.289 


18 


15-83 


0.349 


24 


7023.629 


14.27 .... 


. . 15.42 


0.271 


06 


14.32 . 






.. 15.42 


0.316 


18 


15-12 


0.2Q0 


19 


" .678 


14.17 . . . . 


.. 15.42 


0.320 


03 


14.51 • 






.. 15-22 


0.365 


01 


15-37 


0.249 


09 


8157-558 


14.17 .... 


.. 14.99 


O.I 55 


04 


14.61 






.. 15.22 


0.152 


09 


14.51 


0.051 


17 


9533-816 


14.02 


.. 14.51 


0.003 


26 


14.71 • 




. i6.io 


.. 15.12 


0.384 


10 


14.71 


0.017 


28 


« .888 


14.39 .-.. 


.. 14.99 


0.075 


37 


14.89 . 




. 15-83 ... 


.. 14.99 


0.456 


00 


14.71 


0.089 


19 


" .914 


14.32 . . . . 


.. 14.79 


O.IOI 


03 


14-32 . 




. 15-73 .... 


.. 14.99 


0.482 


22 


14.89 


O.II5 


13 


" -947 


14.22 


.. 15.42 


0.134 


49 


14.42 . 




. 15-83 .... 


. . 14.99 


0.024 


20 


14.99 


0.148 


15 


9537-761 


14.22 


.. 15.83 


0.43s 


45 


14.32 . 




. 15.22 


. . 15.22 


0.403 


03 


15.32 


0.220 


05 


" .786 


14.22 


.. 14.99 


0.460 


26 


14.42 . 




. 15.42 .... 


. . 14.89 


0.428 


25 


15.32 


0.245 


12 


« .812 


14.32 . . . 


. . 14.42 


0.486 


14 


14.61 




. 15-50 ... 


. . 14.89 


0.454 


II 


15.42 


0.271 


08 


" .836 


14.22 


.. 14.51 


0.008 


25 


14.71 • 




. 15.42 .... 


. . 14.89 


0.478 


10 


15.32 


0.295 


22 


« .874 


14.22 


.. 14.71 


0.046 


28 


14.51 • 




. 15.83 ... 


.. 14.99 


0.025 


19 


15.73 


0.333 


15 


" .899 


14.22 


.. 14.71 


0.071 


13 


14.71 . 




. 15.73 . .- 


.. 14.99 


0.050 


14 


15.73 


0.358 


14 


" -924 


14.22 


.. 15.12 


0.096 


41 


14.89 . 




. 15.73 ... 


.. 15.22 


0.075 


29 


15.42 


0.383 


18 


" .950 


14.32 . . . 


. . 14.99 


0.122 


12 


14.71 • 




• 15.73 ... 


.. 15.42 


O.IOI 


42 


15.73 


0.409 


13 



OBSERVATIONS OF 1H£ VARIABLES IN IfESSIER 5 
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J.D. 


No. S7. Per. not del 


t*d. No. 58. Per. 0^.49x580 


No. 59. Per. 0^.543025 


No. 6a Per. not dd 


t'd. No. 61. Per.o'.s686i3 


No. 6a. Pa'.a'.5698i5 1 


Magn. 


Phase I 


les. Magn. 


Phase 


Rea. 


Magn. 


Pbaae 


Rea. 


Magn. 


Phase I 


Us. Magn. 


Phaw 


Res. 


Magn. 


Phase 


Res. 


1145.794 


14.61 




B • • • • • 


■ • • • 


■ • 


• • • • 






• • • • 




• • • • • • 


• • • • 




.... 


• • • • 


• • 


1148.796 


14.66 




. . 14.02 


0.488 


14 


• • • ■ 






• • • • 




• • • • • • 


• • • • 




14.58 


O.OOI 


12 


1155-796 


• ■ • • 




■ ■ » • • • 


• • • • 


• • 


• ■ • • 






• * • • 




• • • • • • 


• • • • 




• a • • 


• • • • 


• • 


I161.809 


14.94 




. . 15-16 


0.228 


2J 


• • • « 






14.66 




■ • • • • • 


• • • • 




14.88 


0.069 


12 


1174.794 


14.66 




■ • • • • • 


• • ■ • 


• • 


• « • • 






14.45 




• • • ■ • • 


• • • • 




14.71 


O.IIO 


20 


1173.785 


14.66 




. . 14.66 


0.490 


52 


14.82 


0.514 


00 


14.56 




• • • • • • 


• • • • 




• • • • 


• • a • 


• • 


1 199.701 


14.94 




•• 15.36 


0.268 


10 


• • • • 


• • • • 


• • 


14.66 




. . 14.89 


0.051 


25 


• • • • 


• • • • 


• • 


3346.540 


14.56 




•• 15.73 


0.377 


17 


15.37 


0.169 


24 


15-37 




• • 15.37 


0.376 


16 


15.40 


0.515 


27 


3366.544 


15-37 




•• 15.57 


0.227 


18 


14.79 


O.II8 


12 


14.79 




. 15-73 


0.478 


23 


15-32 


0.258 


10 


3369.698 


14.89 




■ • • • • • 


• • a • 


• ■ 


14.17 


0.020 


16 


14.56 




» • • * • • 


• • • • 


■ • 


14.66 


0.035 


06 


3370.528 


15-30 




• 15.33 


0.278 


15 


15.30 


0.308 


10 


14,89 




• 15.47 


0.482 


00 


14.86 


0.302 


09 


3371-529 


14.66 




• 15.30 


0.296 


21 


15.21 


0.224 


08 


14.79 




■ 15.47 


0.346 


06 


15.16 


0.178 


07 


3374.502 


15-37 




.. 15.08 


0.319 


45 


15.21 


0.487 


12 


15-21 




. . 15.61 


0.476 


10 


14.76 


0.336 


03 


" -538 


15-01 




B • • • • • 


• • • • 


• • 


14.42 


0.523 


19 


14.66 




•■ 15.05 


0.512 


05 


14.74 


0.372 


10 


3376.502 


• • • ■ 




» ■ • • • • 


» « • ■ 


• • 


• • • • 


• • • • 


• • 


• • • • 




» • • • ■ ■ 


• • • • 


• • 


14.66 


0.085 


14 


" -543 


15-47 




. . 15-16 


0.394 


37 


15.30 


0.360 


12 


14.94 




•• 15.73 


0.242 


30 


14.92 


0.126 


05 


" -584 


15.21 




. . 14.89 


0.435 


24 


15.37 


0.401 


07 


15-" 




. . 15.61 


0.283 


13 


15-16 


0.167 


02 


« .677 


14.56 




. . 14.56 


0.036 


25 


15.21 


0.494 


02 


15-16 




. . 15.42 


0.376 


II 


• • • • 


• • • • 


• • 


3377-578 


14.99 




. . 14.94 


0.446 


01 


15.37 


0.3 I I 


02 


15-27 




. . 15.08 


0.140 


01 


14.61 


0.036 


II 


3378.579 


15-47 




. . 14-39 


0.464 


16 


15.42 


0.228 


12 


14.71 




■ • 14.39 


0.004 


07 


15.40 


0.474 


07 


3380.500 


15-37 




. . 15-21 


0.418 


17 


14.66 


0.523 


06 


15-32 




. . 15.42 


0.219 


06 


14.92 


0.144 


14 


« .602 


14.89 




. . 14.94 


0.029 


68 


14.89 


0.083 


15 


14.66 




•• 15.47 


0.321 


05 


15.40 


0.246 


II 


3390.604 


14.56 




. . I5-" 


0.199 


22 


15.21 


0.329 


19 


14.89 




. . 14.89 


0.088 


07 


15-02 


O.II7 


09 


3408.568 


14.66 




.. 14.56 


0.466 


02 


15.73 


0.406 


29 


14.71 




■ 15.27 


0.425 


26 


14.64 


0.071 


13 


3409.544 


15-47 




. . 14.66 


0.459 


00 


15.27 


0.298 


II 


15-47 




• 15.27 


0.264 


20 


15-12 


0.484 


18 


" .623 


15-37 




• 14.27 


0.047 


14 


15.42 


0.377 


00 


15-37 




•• 15.73 


0.343 


20 


14.92 


0.000 


22 


3411.603 


15.47 




. . 14.39 


0.060 


14 


15.37 


0.189 


18 


15-47 




. . 14.89 


0.048 


26 


14.74 


0.292 


09 


3412.560 


14.99 




. . 14.17 


0.034 


13 


14.56 


0.062 


06 


14.66 




•• 15.27 


0.437 


26 


14.92 


0.123 


05 


3413-569 


15-37 




. . 14.27 


0.060 


26 


14.56 


0.529 


08 


15-30 




•• 15.37 


0.309 


14 


14.98 


0.006 


28 


3414.620 


14.61 




. . I5.II 


0.128 


04 


15.37 


0.496 


IS 


15-37 




. 15.30 


0.222 


08 


15-16 


0.495 


09 


3415.489 


14.94 




.. 13.88 


0.014 


26 


15.37 


0.280 


00 


15-16 




• • 14.71 


0.523 


II 


15.26 


0.238 


07 


" -531 


15-37 




. . 14-45 


0.056 


03 


15.30 


0.322 


08 


15.27 




. . 14.27 


0.565 


19 


iS-io 


0.280 


18 


« .572 


15-37 




. . 14.99 


0.097 


15 


15.37 


0.363 


06 


15.27 




. . 14.66 


0.037 


08 


14.61 


0.321 


12 


« .614 


15-11 




•. 15-73 


0.139 


K 


15.73 


0.405 


29 


15.08 




. . 15.01 


0.079 


23 


14.66 


0.363 


15 


3419.548 


15-42 




•. 15-05 


0.140 


08 


14.17 


0.003 


09 


15." 




. . 14.51 


0.033 


05 


14.74 


0.357 


04 


3422.494 


14.61 




. . 14.99 


0.136 


13 


15.27 


0.239 


05 


14.61 




. . 14.89 


0.136 


15 


15-24 


0.489 


04 


« -591 


14.79 




. . 15.42 


0.234 


02 


15.47 


0.336 


07 


14.66 




•• 15.47 


0.233 


06 


14.68 


0.023 


03 


3423.506 


14.89 




.. 15.27 


0.165 


04 


14.89 


0.167 


22 


14.99 




• • 14.32 


O.OII 


16 


14.74 


0.376 


12 


3666.649 


14.66 




. . 14.79 


0.468 


29 


15.30 


0.483 


08 


14.66 




.. 15.78 


0.356 


25 


14.85 


0.383 


06 


3673.681 


15.16 




. . 14.56 


0.126 


47 


15.47 


0.469 


05 


15.16 




. . 14.27 


0.564 


19 


14.66 


0.098 


19 


3693-638 


14.89 




•• 1 5-3 


0.420 


• • 


153 


0.371 


• • 


14.61 




. . 14.66 


0.051 


02 


14.64 


0.356 


H 


3694-577 


14.76 




. . 15-96 


0.376 


40 


15.16 


0.226 


14 


15-16 




. . 15.21 


0.422 


32 


15-24 


0.170 


04 


" .615 


14.76 




.. 15.78 


0.414 


36 


15.37 


0.264 


00 


14.76 




•• 15.93 


0.460 


40 


15-52 


0.208 


18 


3695-519 


14.56 




.. 15.78 


0.335 


23 


14.99 


0.084 


26 


14.89 




. • 15.37 


0.227 


02 


15-18 


0.549 


38 


« .561 


14.94 




- 15-57 


0.377 


01 


14.99 


0.126 


04 


14.94 




.. 15.57 


0.269 


10 


14.88 


0.028 


17 


« .602 


14.99 




•- 15-73 


0.418 


33 


15.27 


0.167 


15 


15-08 




.. 15.73 


0.310 


22 


14.90 


0.069 


14 


" .644 


15-05 




.. 15.08 


0.460 


44 


15.30 


0.209 


06 


15-21 




.. 15.78 


0.352 


25 


14.80 


o.m 


II 


3698.504 


14-73 




•. 15-30 


0.370 


26 


15.42 


0.358 


01 


14.89 




.. 15.47 


0.368 


06 


15-02 


0.157 


II 


3699.499 


14.66 




•. 15-30 


0.382 


24 


15.37 


0.269 


00 


14.99 




.. 15.73 


0.226 


34 


14.80 


0.026 


09 


« .542 


14.99 




•• 15-57 


0.425 


29 


15.61 


0.312 


22 1 14.89 




.. 15.57 


0.269 


10 


14.75 


0.069 


01 
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ANNALS OF HARVASD COLLEGE OBSERVATORY 



J.D. 


No. 57. Per. not det 


'd. No. s8. Per. o<.49Zs8o 1 


No. so. Per. 0.^542025 1 


No. 60. Per. not det 


U No. 61. Per. ©'.568613 | 


No. 6a. Per. c^.562815 1 


Magn. 


Phase B 


48. Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase B 


.es. Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


3699.584 


15.05 




• 14.79 


0.467 


29 


15.61 


0.354 


19 


15.42 




. 15.61 


0.3 1 1 


10 


14.88 


O.III 


03 


3713513 


14.66 




. 15.05 


0.140 


08 


15.42 


O.I9I 


22 


14.56 




• 14.73 


0.025 


20 


15.32 


0.533 


39 


" .680 


14.94 




. 15.73 


0.307 


20 


15.73 


0.358 


30 


14.89 




. 15.11 


0.192 


15 


15.08 


0.137 


05 


3717-517 


14.76 




• 15.37 


0.212 


00 


15.37 


0.401 


06 


14.79 




. 14.76 


0.049 


12 


14.85 


0.034 


13 


« .692 


14.39 




. 15.83 


0.386 


28 


14.56 


0.034 


14 


14.61 




• 15.47 


0.224 


08 


15.55 


0.209 


21 


« .817 


14.61 




• 14.39 


0.020 


22 


15.42 


0.158 


33 


15.05 




• 15.42 


0.349 


II 


14.78 


0.334 


05 


3724.535 


14.66 




• 15.30 


0.347 


26 


15.37 


0.372 


06 


14.56 




. 15.42 


0.243 


01 


14.94 


0.299 


15 


« .676 


15.21 




. 14.22 


0.488 


06 


14.79 


0.513 


01 


14.99 




. 15.68 


0.384 


15 


15.14 


0.440 


15 


3748.572 


14.66 




• i5'3 


0.297 


• • 


14.27 


0.018 


05 


14.66 




. is-0 


0.399 


• • 


15.04 


0.13s 


01 


3775-556 


14.66 




• 15.37 


0.244 


06 


15.37 


0.443 


07 


15.21 




. 14.89 


0.089 


07 


15.06 


0.103 


18 


3960.869 


14.51 




. 15.78 


0.231 


37 


15.42 


0.383 


01 


• • ■ • 




. 14.71 


0.034 


IS 


15.32 


0.250 


OS 


4014.745 


• a • • 




. 14.51 


0.034 


22 


14.71 


0.057 


14 


• • • • 




. 15.42 


0.461 


II 


14.99 


0.096 


15 


4037-635 


• • • • 




. 15-42 


0.3 1 1 


11 


15.32 


0.182 


IS 


1527 




. 14.71 


0.038 


II 


15.22 


0.473 


10 


" .663 


14.51 




. 15.6 


0.339 


m • 


• ■ • • 


■ • • • 


• • 


• • • • 




• 14.71 


0.066 


00 


14.99 


0.501 


^3 


4041.67s 


14.71 




• 15.42 


0.418 


03 


15.42 


0.428 


02 


15.12 




. 14.96 


0.097 


09 


14.71 


O.OII 


01 


4052.600 


15.06 




. . 14.56 


0.037 


24 


14.66 


0.512 


17 


14.61 




. . 15.26 


0.219 


II 


15.34 


0.242 


03 


4058.548 


14.82 




. 14.71 


0.086 


03 


15.37 


0.498 


19 


14.94 




. 15.42 


0.480 


07 


14.94 


0.562 


23 


« .662 


15.26 




. . 15.06 


0.200 


28 


14.40 


0.070 


25 


15.06 




. . 14.66 


0.026 


13 


14.88 


O.II3 


04 


« .780 


14.82 




. . 15.42 


0.318 


II 


15.06 


O.I 88 


12 


15.26 




. 15.06 


0.144 


02 


15.34 


0.231 


00 


4058.854 


15.06 




. . 15.26 


0.392 


27 


15.37 


0.262 


00 


14.66 




. 15.26 


0.218 


II 


14.68 


0.305 


09 


4066.635 


15." 




.. 15.58 


0.308 


05 


15.37 


0.454 


07 


14.66 




. . 14.61 


0.038 


02 


15.34 


0.207 


00 


4067.636 


14.82 




.. 15.98 


0.326 


44 


15.26 


0.371 


17 


15.06 




.. 15.58 


0.471 


06 


14.88 


0.082 


07 


4069.560 


14.71 




.. 15.98 


0.283 


50 


14.66 


0.127 


31 


15.06 




. 15.06 


0.120 


09 


14.66 


0.318 


07 


« .795 


14.89 




. . 14.22 


0.027 


01 


15.26 


0.362 


16 


15.04 




. 15.47 


0.355 


06 


14.98 


0.5S3 


23 


4070.655 


15.06 




.. 15.98 


0.395 


45 


14.89 


0.138 


II 


14.82 




. . 14.82 


0.078 


04 


14.82 


0.287 


02 


4071.538 


14.84 




.. 15.73 


0.295 


22 


15.26 


0.479 


12 


14.99 




. . 15.16 


0.392 


37 


14.61 


0.045 


12 


" .747 


15." 




. . 14.04 


0.012 


10 


14.82 


0.146 


21 


14.82 




. . 14.56 


0.033 


00 


15.34 


0.254 


II 


4072.538 


14.82 




.. 15.98 


0.312 


45 


15.26 


0.395 


18 


14.61 




. . 15.26 


0.255 


JP 


15.34 


0.482 


03 


" .745 


14.66 




. . 14.27 


0.027 


03 


14.56 


0.060 


04 


14.82 




.. 15.58 


0.462 


05 


14.96 


0.126 


01 


4073.553 


14.66 




.. 15.83 


0.344 


27 


15.26 


0.326 


13 


15.06 




. . 14.84 


0.133 


^P 


14.82 


0.371 


01 


" .758 


15.06 




. . 14.40 


0.057 


10 


14.40 


0.531 


00 


14.82 




.. 15.37 


0.338 


16 


14.86 


0.013 


15 


4074.561 


15.06 




• 15.73 


0.368 


17 


15.11 


0.250 


2j 


14.40 




. . 14.40 


0.004 


06 


15.58 


0.254 


35 


4085.663 


15.06 




. . 15.11 


0.164 


12 


14.66 


0.512 


17 


14.82 




. . 15.26 


0.302 


24 


15.06 


0.099 


20 


4086.608 


• • • • 




. . 15.06 


0.126 


00 


1537 


0.372 


06 


• • • • 




. . 14.82 


O.IIO 


12 


15.26 


0.482 


05 


4092.573 


15.06 




. . 15.21 


0.192 


II 


15.26 


0.375 


17 


14.82 




. . 15.26 


0.389 


27 


15.26 


0.256 


00 


4093.532 


14.82 




. . 15.26 


0.168 


02 


15.21 


0.250 


13 


15.11 




. . 15.21 


0.210 


13 


14.82 


0.089 


01 


« .762 


• • • • 




. . 15.06 


0.398 


47 


15.26 


0.480 


II 


• • • • 




. . 15.26 


0.440 


27 


14.61 


0.319 


12 


4133.607 


14.66 




.. 15.88 


0.425 


58 


15.21 


0.215 


05 


14.61 




.. 15.83 


0.483 


36 


15.21 


0.204 


12 


4147.519 


15.47 




. . 14.61 


0.081 


12 


14.66 


0.035 


22 


14.99 




. . 14.99 


0.179 


24 


14.66 


0.046 


07 


4437.629 


14.89 




. . 15.21 


0.159 


00 


14.99 


0.161 


10 


14.66 




• . 15.42 


0.297 


07 


14.86 


0.306 


10 


4795.632 


• • • • 




•• 15.47 


0.292 


03 


15.47 


0.428 


03 


• • • ■ 




. . 14.66 


0.073 


08 


14.64 


0.3S9 


15 


4846.568 


14.66 




. . 15.11 


0.103 


21 


15.37 


0.413 


07 


15.21 




.. 15.78 


0.403 


25 


14.71 


0.078 


08 


4860.582 


15.37 




.. 15.47 


0.353 


09 


15.47 


0.335 


07 


15-37 




.. 15.37 


0.202 


06 


14.58 


0.022 


13 


4876.513 


15.16 




. . 14.89 


0.062 


35 


14.32 


0.005 


06 


15-37 




•• 15.47 


0.2II 


13 


15.37 


0.194 


07 


4886.53s 


• • • • 




. . 15.42 


0.252 


01 


15.42 


0.271 


05 


• • • • 




. . 14.61 


0.567 


17 


14.74 


0.086 


07 


5560.608 


14.71 




.. 15.78 


0.369 


22 


14.89 


0.064 


26 


14.89 




•• 15.57 


0.265 


09 


15.40 


0.469 


07 


5562.605 


15.21 




•. 15.47 


0.400 


04 


15.37 


0.435 


07 


15." 




. . 14.56 


0.556 


07 


15.16 


0.215 


19 


5563.594 


14.99 




. . 15.42 


0.406 


06 


15.42 


0.340 


02 


14.99 




•• 15.47 


0.408 


06 


14.90 


0.078 


12 


5579.551 


14.89 




•• 1499 


0.140 


14 


14.56 


0.037 


13 


14.66 




.. 15.83 


0.444 


30 


14.76 


0.276 


22 


5581.558 


14.66 




•• 15.47 


O.181 


19 


15.37 


0.418 


07 


14.99 




.. 15.37 


0.176 


16 


14.71 


0.032 


01 
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J.D. 


No. 57. Per. not 


; det'd. No. 58. Per. o<.40i58o 


No. 59. Per. 0^.542025 


No. 60. Per. no( 


t det'd. No. 61. Per.o'.se 


8613 No. 62. Per. ©'.562815 1 


Hagn. Pbue 


Res. Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. Phase 


Res. Magn. 


Phase 


Res. Magn. 


Phase 


Res. 


5899.564 


14.89 . . . . 


. . 14.99 


0.135 


13 


15.42 


0.255 


06 


14.79 • • • 


.. 15.42 


0.328 


10 14.94 


0.048 


21 


5901-555 


14.71 . . . . 


.. 15.22 


0.160 


00 


14.71 


0.078 


02 


14.76 . . . . 


.. 14.71 


0.044 


09 14.99 


0.350 


24 


" .646 


14.66 .... 


• 15.54 


0.251 


II 


15.32 


0.169 


20 


15.22 


. . 15.04 


0.135 


00 15.50 


0.441 


20 


6633.65s 


• ••• •••• 


.. 15.27 


0.297 


25 


15.57 


0.444 


13 


• ■•• ■••• 


.. 15.42 


0.339 


10 14.84 


0.228 


51 


6634.509 


14.99 


• 15.32 


0.168 


08 


15.37 


0.214 


10 


15.22 


. . 14.76 


0.056 


09 14.94 


0.519 


15 


" .566 


15.22 


. . 15.42 


0.225 


03 


15-42 


0.271 


05 


14.51 


. . 15.04 


0.II3 


09 14.64 


0.013 


06 


" .682 


14.56 


• 1532 


0.341 


24 


15.27 


0.387 


16 


14.99 ■ • • • 


.. 15.57 


0.229 


17 15.06 


0.129 


07 


7021.639 


14.61 .... 


.. 15.42 


0.424 


13 


15.42 


0.338 


02 


14.61 .... 


. . 14.84 


0.529 


II 15.42 


0.432 


16 


7023.629 


14.71 . . • 


. . 14.66 


0.448 


26 


15.12 


0.160 


04 


14.51 . . . . 


.. 15.42 


0.245 


01 15.40 


O.171 


19 


« .678 


14.71 . . . . 


.. 14.46 


0.005 


35 


15.32 


0.209 


07 


14.56 


.. 15.42 


0.294 


07 15.42 


0.220 


06 


8157.558 


14.66 .... 


.. 15.42 


0.302 


10 


14.99 


O.I73 


14 


14.89 


.. 15.57 


0.359 


04 14.68 


0.028 


03 


9533.816 


15.32 .... 


• 15.37 


0.136 


25 


15.37 


0.229 


08 


14.89 .... 


.. 14.56 


0.005 


09 15.42 


0.203 


09 


« .888 


15.32 .... 


. . 15.42 


0.208 


08 


15.42 


0.301 


03 


15.37 . • . • 


.. 14.79 


0.077 


01 14.75 


0.275 


24 


" -914 


15.16 


• • • • ■ • 


• • • • 


• • 


1542 


0.327 


02 


15.22 


.. 15.17 


0.103 


27 14.89 


0.301 


II 


" .947 


14.71 ■ . . 


. . 15.42 


0.267 


04 


15.42 


0.360 


00 


15.42 . . . . 


. . 14.89 


0.136 


17 14.68 


0.334 


04 


9537-761 


14.99 . . . . 


.. 15.27 


0.148 


II 


15.37 


0.380 


06 


14.71 . . . . 


. . 14.71 


0.539 


08 15.34 


0.208 


00 


« .786 


15.12 


.. 1522 


0.173 


04 


15.54 


0.405 


10 


14.89 . . . . 


. . 14.61 


0.564 


16 15.16 


0.233 


18 


« .812 


15.22 


• 15.37 


0.199 


04 


15.73 


0.431 


29 


14.99 • • • 


. . 14.51 


0.021 


01 15.10 


0.259 


10 


" .836 


15.22 


. . 15.42 


0.223 


03 


15.54 


0.455 


10 


14.89 . . . . 


. . 14.71 


0.045 


09 14.71 


0.283 


17 


" 874 


15.37 •... 


.. 15.22 


0.261 


22 


15.73 


0.493 


48 


15.37 •• 


. . 14.89 


0.083 


08 14.68 


0.321 


05 


" .899 


15.32 . ... 


.. 15.42 


0.286 


07 


14.71 


0.518 


02 


15.42 . . . . 


.. 14.99 


0.108 


07 14.68 


0.346 


06 


" .924 


14.89 . . . . 


.. 15.22 


0.3 1 1 


31 


14.51 


O.OOI 


25 


15.42 . . . . 


.. 14.99 


O.I33 


03 14.84 


0.371 


00 


" -950 


14.71 • • • . 


.. 15.42 


0.337 


14 


14.66 


0.027 


29 


15.22 


.. 15.12 


0.159 


01 14.99 


0.397 


01 


J.D. 


No. 63. Per. 0^., 


497677 No. 64. Per. 0^.544510 


No. 65. Per. 0^.480665 


No. 66. Per.©*. 


702x02 No. 67. Per. not < 


kt'd. No. 68. Per.o'.502X36 1 


Magn. Phase 


Res. Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. Phase 


Res. Magn. 


Phase 


Res. Magn. 


Phase 


Res. 


H45.794 


• ••• •••• 


.. I4.S 


0.071 




14.2 


0.339 


• • 


• ••• •••• 


.. 14.5 




.. 14,5 


0.062 


• • 


1148.796 


• ••• •••• 


. . iS'O 


0.351 




14.8 


0.457 


• • 


14.66 0.046 


\ 04 14.27 




. . 15.0 


0.052 


• • 


"55-796 


■ ••■ •••• 


.. i4.g 


0.272 




14.8 


0.247 


■ ■ 


14.66 0.025 


; 04 14.61 




.. 14.9 


0.022 


• • 


I161.809 


■ ••• ■«•« 


■ iS'3 


0.296 




14.66 


O.OII 


30 


14.66 0.421 


08 14.66 




. . 14.66 


0.009 


10 


1174.794 


• •■• •••• 


. . 14.8 


0.212 




14,9 


0.018 


• • 


i4.g 0.066 


\ . . i4,g 




.. 14.9 


0.441 


• • 


1178.785 


• ••• •••• 


.. 15,1 


0.392 




14.61 


0.164 


28 


15,1 0.547 


' " 14.27 




.. 14.9 


0.415 


• • 


1 199.701 


14.66 0.449 


) 28 14.94 


0.072 


21 


14.66 


0.41 1 


85 


14.45 0.40c 


) 26 14.32 




" 15.3 


0.241 


• • 


3346.540 


15.S3 0.305 


) 29 15.61 


0.453 


09 


16.0 


0.120 


• • 


15.12 0.211 


03 15. II 




.. 15.34 


0.448 


46 


3366.544 


15.47 0.40^ 


^ 07 15.73 


0.310 


10 


15. II 


0.416 


39 


15.42 0.556 


\ 32 14.66 




.. 15.36 


0.367 


16 


3369.698 


15.16 0.07^ 


> 50 ^5-3 


0.197 


• ■ 


i5'3 


0.206 


m m 


15.6 0.199 


) .. 14.17 




. . 15.02 


0.006 


27 


3370.528 


15.78 0.409 


) 25 15.21 


0.482 


40 


14.51 


0.074 


06 


14.96 0.325 


r 22 14.66 




.. 15.36 


0.334 


12 


3371-529 


15.61 o.4ii| 


\ II 15.47 


0.394 


23 


14.61 


0.II4 


02 


15.34 0.626 


) 31 14.27 




• 15.32 


0.331 


08 


3374502 


15.37 0.40] 


[ 17 14.99 


O.IOO 


09 


15.21 


0.203 


14 


14.80 0.089 


) 03 14.71 




. . 15.24 


0.291 


05 


" -538 


15.21 0.435 


r 02 14.99 


0.136 


13 


15.3 


0.239 


• • 


14.71 0.125 


; 18 14.56 




. . 15.0 


0.327 


• • 


3376-502 


• ••■ •••• 


•• 15.93 


0.467 


24 


15.42 


0.280 


05 


14.94 0.68^ 


\ 21 14.89 




.. 15.16 


0.282 


02 


" -543 


15. II 0.45] 


[ 21 14.89 


0.508 


04 


15.37 


0.321 


II 


14.61 0.023 


; 09 14.99 




. . 15.08 


0.323 


15 


" .584 


14.51 0.492 


\ 20 14.42 


0.004 


01 


15.27 


0.362 


24 


14.66 o.o6i| 


\ 06 14.66 




.. 15.18 


0.364 


04 


" -677 


14.66 0.08^ 


\ 10 14.66 


0.097 


23 


14.61 


0.455 


09 


14.74 0.155 


r 24 14.17 




.. 14.58 


0.457 


26 


3377-578 


14.27 0.49] 


^ 05 1573 


0.453 


03 


15. II 


0.395 


41 


14.71 0.356 


\ 01 14.89 




.. 15.16 


0.354 


07 


3378.579 


14.32 0.495 


r 04 15.47 


0.365 


21 


15.16 


0.435 


20 


15.02 o.6s« 


; 14 14.66 




.. 15.14 


0.351 


09 


3380.500 


15.73 0.42; 


f 39 14.99 


0.108 


04 


15.64 


0.433 


24 


14.96 0.47c 


> 09 14.27 




. . 14.98 


0.263 


18 


" .602 


14.27 0.03] 


[ 10 15.47 


0.210 


01 


• a • « 


• • • • 


• • 


15.12 0.575 


\ 00 16.0 




. . 15.02 


0.365 


20 


3390.604 


14.66 o.o8c 


> oj 16.0 


0.41 1 


• • 


15.21 


0.443 


00 


14.86 0.042 


\ 16 14.56 




.. 15.21 


0.324 


02 



I40 



ANNALS OF HARVARD COLLEGE OBSERVATORY 



J.D. 


No. 6j. Per. 0^.497677 


No. 64. Per. 04.544510 


No. 65. Per. o<.48o665 


No. 66. Per. 0^.702102 


No. 67. Per. not de 


tU No. 68. Per. o'.soai36 | 


Mags. 


Phase 


Res. 


Macn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase I 


Us. Magn. 


Phase 


Res. 


3408.568 


15." 


0.127 


07 


15.47 


0.406 


23 


14.99 


0.142 


23 


15.00 


0.454 


19 


14.56 




. . 14.80 


0.212 


28 


3409.544 


14.99 


0.108 


08 


15.37 


0.293 


25 


14.99 


0.157 


16 


14.68 


0.026 


02 


14.27 




. . 14.80 


0.183 


23 


" .623 


15.47 


0.187 


10 


15.37 


0.372 


32 


16.0 


0.236 


• • 


14.88 


0.105 


06 


14.66 




. . 14.96 


0.262 


20 


3411.603 


15.42 


0.176 


II 


15.42 


0.174 


09 


15.42 


0.293 


02 


14.66 


0.680 


08 


14.22 




. . 14.86 


0.234 


26 


3412.560 


15.37 


0.138 


27 


14.66 


0.042 


10 


15.47 


0.289 


08 


15.21 


0.233 


03 


14.66 




. . 15.22 


0.186 


19 


3413.569 


15.27 


0.152 


07 


14.99 


0.507 


14 


15.47 


0.336 


02 


15.12 


0.540 


03 


14.66 




. . 14.86 


O.191 


18 


3414.620 


15.37 


0.207 


06 


15.47 


0.469 


22 


15.42 


0.426 


05 


15.10 


0.187 


01 


14.61 




. . 15.02 


0.238 


10 


3415.489 


14.99 


0.081 


27 


15.78 


0.249 


25 


15.78 


0.334 


29 


14.74 


0.354 


04 


14.56 




. . 14.86 


0.103 


03 


" .531 


IS" 


0.123 


09 


15.57 


0.291 


04 


15.47 


0.376 


04 


14.86 


0.396 


15 


14.76 




. . 14.66 


0.145 


31 


" .572 


1537 


0.164 


II 


15.78 


0.332 


12 


15.83 


0.417 


55 


14.82 


0.437 


04 


14.71 




. . 15.06 


0.186 


03 


" .614 


15.37 


0.206 


05 


15.21 


0.374 


48 


15-57 


0.459 


97 


15.02 


0.479 


II 


14.79 




. . 15.00 


0.228 


II 


3419.548 


15.21 


0.159 


01 


15.21 


0.496 


01 


14.17 


0.067 


26 


15.24 


0.200 


II 


14.89 




. . 14.96 


O.I45 


00 


3422.494 


15.21 


O.II9 


22 


16.0 


O.I75 


• • 


14.66 


0.129 


05 


14.90 


0.338 


18 


14.51 




. . 14.89 


0.078 


05 


• .591 


• • • • 


• • • • 


• • 


16.0 


0.272 


■ ■ 


14.94 


0.226 


24 


14.78 


0.435 


00 


15.16 




. . 15.00 


0.175 


02 


3423.506 


IS-2I 


0.135 


12 


14.99 


0.098 


09 


14.99 


0.179 


04 


14.90 


0.648 


02 


14.32 




. . 14.72 


0.085 


13 


3666.649 


15.78 


0.412 


27 


16.0 


0.390 


• • 


15,6 


0.106 


• • 


14.99 


O.161 


02 


14.94 




.. 15.05 


0.195 


00 


3673.681 


14.79 


0.476 


22 


15.47 


0.343 


20 


15.11 


0.408 


40 


14.80 


0.172 


23 


14.45 




. . 14.86 


0.197 


20 


3693.638 


14.56 


0.029 


21 


15.26 


0.153 


05 


15.3 


0.177 


• • 


14.68 


0.470 


19 


14.32 




. . 14.76 


0.068 


07 


3694.577 


14.61 


0.470 


02 


14.61 


0.003 


21 


15.16 


0.155 


34 


14.94 


0.005 


23 


15.21 




. . 14.66 


0.003 


09 


« .615 


14.61 


O.OIO 


34 


14.66 


0.041 


12 


14.89 


0.193 


H 


14.71 


0.043 


01 


14.71 




. . 14.76 


0.041 


03 


3695.519 


15.64 


0.417 


16 


15.33 


0.401 


37 


14.66 


0.136 


07 


15.47 


0.245 


30 


14.66 




. . 15.21 


0.443 


32 


" .561 


14.66 


0.459 


14 


1583 


0.443 


13 


14.89 


0.178 


05 


14.99 


0.287 


02 


14.99 




. . 14.94 


0.485 


16 


" .602 


14.61 


0.002 


37 


15.73 


0.484 


19 


14.99 


0.219 


15 


14.89 


0.328 


15 


14.94 




. . 14.71 


0.024 


06 


" .644 


14.79 


0.044 


35 


14.51 


0.526 


07 


15.73 


0.261 


41 


14.56 


0.370 


13 


14.94 




. . 14.89 


0.066 


06 


3698.504 


15.78 


0.415 


28 


14.89 


0.119 


12 


15.2 


0.237 


• • 


14.66 


0.422 


08 


14.27 




• . 14.94 


0.415 


08 


3699.499 


15.61 


0.415 


II 


14.56 


0.025 


10 


14.99 


0.271 


35 


14.66 


0.012 


05 


14.66 




. . 14.99 


0.406 


09 


" 542 


14.66 


0.458 


16 


14.66 


0.068 


04 


15.78 


0.314 


31 


14.66 


0.055 


04 


14.56 




. . 14.71 


0.449 


15 


" .584 


14.56 


0.002 


32 


15.01 


O.IIO 


04 


15.47 


0.356 


03 


14.66 


0.097 


H 


14.27 




. . 14.66 


0.491 


II 


3713.513 


14.56 


0.494 


26 


15.83 


0.426 


13 


14.89 


0.345 


60 


14.66 


0.686 


07 


14.56 




. . 15.27 


0.360 


05 


« .680 


15.21 


0.163 


03 


14.66 


0.048 


08 


14.17 


0.032 


21 


15." 


O.151 


14 


14.89 




. . 14.89 


0.025 


12 


3717.517 


14.27 


0.019 


04 


14.79 


0.074 


02 


14.22 


0.023 


16 


14.99 


0.478 


09 


14.66 




•• 15.37 


0.347 


14 


" .692 


15.61 


0.194 


22 


15.42 


0.249 


II 


14.76 


0.198 


27 


14.99 


0.653 


10 


14.66 




. . 14.99 


0.020 


23 


" .817 


15.16 


0.319 


40 


i5'3 


0.374 


• m 


15.3 


0.323 


• • 


14.66 


0.076 


07 


14.27 




•• 15.3 


0,145 


• • 


3724.535 


14.66 


0.070 


03 


14.66 


0.013 


23 


14.99 


0.312 


48 


14.99 


0.475 


09 


15.32 




. . 15.44 


0.335 


21 


« .676 


15.37 


0.2II 


06 


15.30 


0.154 


08 


14.89 


0.453 


04 


15.14 


0.616 


07 


14.56 




. . 14.74 


0.476 


05 


3748.572 


^5-3 


0.218 


m • 


14.99 


0.092 


13 


^5.3 


0.316 


• • 


15.02 


0.640 


04 


14.99 




•• 1 5-3 


0.269 


• • 


3775.556 


15.47 


0.328 


09 


15.61 


0.395 


09 


15.73 


0.382 


21 


14.94 


0.242 


23 


15.21 




" 14.94 


0.138 


01 


3960.869 


14.12 


0.007 


13 


14.61 


0.030 


12 


14.99 


0.159 


16 


14.76 


0.200 


37 


14.99 




. . 15.42 


0.163 


43 


4014.745 


15.16 


0.134 


08 


14.32 


0.544 


08 


• • • • 


• • • • 


• • 


• • • • 


• • • • 


• • 


• • • a 




. . 14.89 


0.310 


33 


4037.635 


14.99 


O.I3I 


07 


14.37 


0.020 


07 


14.32 


0.018 


08 


14.61 


0.437 


17 


14.32 




. . 14.71 


0.102 


18 


" .663 


14.89 


0.159 


33 


14.71 


0.048 


13 


14.32 


0.046 


08 


14.71 


0.465 


H 


14.66 




. . 14.71 


0.130 


22 


4041.675 


15.42 


0.189 


06 


15.42 


0.248 


12 


15.42 


0.213 


30 


15.22 


0.265 


II 


14.32 




. . 14.98 


0.125 


05 


4052.600 


15.06 


0.165 


20 


15.58 


0.283 


02 


14.89 


0.083 


41 


15.06 


0.658 


19 


14.40 




. . 14.82 


0.003 


07 


4058.548 


15.06 


O.I4I 


07 


15.37 


0.241 


16 


15.26 


0.263 


08 


15.06 


0.287 


09 


14.40 




. . 15.06 


0.428 


09 


« .662 


15.47 


0.255 


05 


15.58 


0.355 


10 


15.78 


0.377 


26 


14.61 


0.401 


10 


14.94 




. . 14.82 


0.039 


04 


" .780 


15.47 


0.373 


10 


15.78 


0.473 


10 


14.40 


0.014 


03 


i5.II 


0.519 


07 


14.27 




. . 15.06 


0.157 


07 


" .854 


15.26 


0.447 


28 


14.40 


0.003 


01 


14.40 


0.088 


10 


15.24 


0.593 


15 


14.27 




. . 15.06 


0.231 


05 


4066.635 


15.58 


0.265 


05 


15.26 


0.I6I 


00 


15.26 


0.178 


32 


14.92 


0.651 


01 


14.89 




. . 14.82 


0.480 


04 


4067.636 


15.73 


0.271 


20 


14.66 


0.073 


08 


15.26 


0.218 


13 


15.26 


0.248 


09 


14.66 




. . 14.82 


0.477 


03 


4069.560J 15.47 


0.204 


04 


15.78 


0.363 


10 


15.26 


0.219 


12 


14.71 


0.066 


01 


14.82 




. . 15.26 


0.393 


12 
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J.D. 


No. 63. Per. 0^.407677 


Na 64. Per. 0^.5445x0 


No. 65. Per. 0^.480665 


No. 66. Per. 0^.702 loa 1 


No. 67. Per. not del 


/d. No. 68. Per.o'.so3i36 1 


Magn. 


Phase - 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase B 


.es. Magn. 


Phase Res. 


4069.795 


1506 


0.439 


07 


14.56 


0.054 


05 


15-26 


0.454 


56 


14.86 


0.301 


01 


14.82 




• 15.37 


0.125 44 


4070.655 


iS-47 


0.304 


08 


15.78 


0.369 


09 


15-58 


0.353 


08 


14.94 


0.459 


II 


14.27 




. 14.82 


0.483 04 


4071-538 


15-26 


0.192 


^3 


15.21 


0.163 


06 


15-42 


0.275 


06 


15.00 


0.639 


01 


14.82 




. 15.42 


0.362 20 


" -747 


15.58 


0.401 


03 


15.78 


0.372 


09 


14.82 


0.003 


46 


15.18 


0.146 


25 


14.17 




. 15.06 


0.069 23 


4072.538^ 


15.58 


0.196 


19 


14.82 


0.074 


05 


15-73 


0.313 


27 


15.26 


0.235 


08 


14.66 




. 15.47 


0.358 2 


5 


" -745 


15.58 


0.403 


04 


15.58 


0.281 


02 


14.04 


0.040 


36 


14.82 


0.442 


03 


14.40 




. 14.89 


0.063 06 1 


4073-553 


15.47 


0.2l6 


03 


14.32 


0.000 


08 


15-78 


0.367 


27 


15-26 


0.548 


16 


14.56 




• 15.37 


0.368 I 


6 


" -758 


15.42 


0.421 


01 


15.37 


0.205 


06 


14.66 


0.091 


15 


14.82 


0.051 


12 


14.82 




• 15.06 


0.071 23 


4074.561 


15.26 


0.229 


21 


15.98 


0.464 


29 


15-78 


0.414 


28 


15.24 


0.152 


27 


14.27 




• 15.42 


0.372 23 


4085.663 


15.58 


0.382 


01 


15.04 


O.13I 


05 


15.26 


0.461 


70 


14.66 


0.020 


04 


14.22 




. 14.61 


0.427 35 


4086.608 


15.26 


0.331 


31 


14.40 


0.531 


01 


• • • • 


• a • • 


■ • 


15.06 


0.263 


05 


14.94 




. 15.26 


0.368 06 


4092-573 


15.58 


0.324 


02 


14.99 


0.507 


14 


15.26 


o.i6i 


40 


14.94 


0.61 1 


14 


14.82 




. 15.26 


0.307 04 


4093-532 


15.98 


0.288 


44 


15.98 


0.37/ 


29 


15. II 


0.158 


28 


15.21 


0.166 


19 


14.99 




. 15.26 


0.262 II 


" .762 


14.04 


0.020 


28 


14.71 


0.062 


04 


• • • • 


• • • • 


• • 


14.61 


0.396 


10 


14.27 




. 14.40 


0.492 37 


4133-607 


14.22 


0.051 


28 


15.42 


0.158 


19 


14.99 


0.338 


50 


15.21 


0.221 


04 


14.66 




a « • a • 


• • a • • 




4147-519 


14.17 


0.028 


17 


15.47 


0.4S7 


23 


14.99 


0.3 1 1 


47 


15.00 


0.091 


22 


14.32 




. 14.82 


0.018 06 1 


4437.629 


14.51 


0.490 


18 


16.08 


0.344 


41 


14.61 


0.099 


08 


15.32 


0.233 


14 


14.27 




■ • • a • 


• a • • a 




4795-632 


14.66 


0.166 


59 


14.66 


0.059 


02 


14.22 


0.007 


14 


14.86 


0.164 


16 


14.66 




. 14.82 


0.376 36 


4846.568 


15.47 


0.339 


10 


15.47 


0.356 


21 


14.66 


0.473 


23 


15.23 


0.549 


14 


15.16 




. 14.82 


0.094 Oj 


4860.582 


15.47 


0.418 


00 


15.47 


0.212 


00 


14.22 


0.067 


21 


15.05 


0.521 


00 


14.66 




. 14.61 


0.048 ig 


4876-513 


15.37 


0.423 


03 


15.73 


0.352 


05 


14.66 


0.136 


07 


14.61 


0.303 


22 


14.61 




. 15.06 


0.413 00 


4886.535 


14.27 


0.491 


05 


• • • • 


• • • • 


• • 


14.17 


0.064 


25 


15.02 


0.496 


05 


14.66 




. 15.06 


0.392 08 


5560.608 


15.37 


0.212 


06 


14.51 


0.543 


II 


• • • • 


■ ■ • • 


• • 


14.92 


0.551 


18 


14.66 




. 14.94 


0.097 07 


5562.605 


15.16 


0.218 


29 


15.78 


0.362 


10 


15.42 


0.319 


05 


1516 


0.442 


36 


14.66 




. 14.82 


0.085 03 


5563-594 


15.37 


0.212 


06 


15.37 


0.262 


21 


15.47 


0.347 


03 


14.86 


0.027 


17 


15.37 




. 14.94 


0.070 11 


5579-551 


15.47 


0.243 


02 


15.83 


0.428 


13 


15.78 


0.442 


53 


14.98 


0.537 


II 


14.56 




. 15.06 


0.461 23 


5581-558 


15.42 


0.260 


II 


15.47 


0.257 


10 


14.22 


0.045 


18 


15.18 


0.438 


39 


14.61 




. 14.82 


0.459 02 


5899-564 


15.57 


0.250 


06 


15.57 


0.269 


01 


15.83 


0.332 


35 


14.99 


0.392 


29 


14.32 




. 14.89 


0.1 II 02 


5901-555 


15.42 


0.250 


09 


14.76 


0.082 


05 


15.42 


0.400 


10 


14.66 


0.277 


37 


14.99 




. 14.94 


0.093 08 


" .646 


15.73 


0.341 


16 


15.42 


0.173 


10 


14.27 


O.OIO 


10 


14.99 


0.368 


29 


14.32 




. 15.42 


0.184 39 


6633.655 


15.42 


0.268 


II 


15.42 


0.361 26 


• • • • 


• ■ • ■ 


• • 


14.71 


0.084 


06 


14.27 




. 14.61 


0.079 23 


6634.509 


14.89 


0.126 


14 


15.22 


0.126 


17 


15.42 


0.340 


07 


14.89 


0.236 


29 


14.51 




• 14.71 


0.431 23 


" .566 


15.42 


0.183 


07 


15.42 


0.183 


06 


15.83 


0.397 


31 


15.22 


0.293 


30 


14.71 




. 14.66 


0.488 1 


"2 


" .682 


15.42 


0.299 


12 


15.22 


0.299 


40 


14.61 


0.032 


22 


14.89 


0.409 


17 


14.27 




. 14.89 


0.102 c 


K> 


7021.639 


14.32 


0.063 


26 


14.99 


0.109 


03 


14.32 


0.054 


09 


14.71 


0.508 


31 


14.37 




. 14.71 


0.414 j 


\2 


7023.629 


14.32 


0.063 


26 


15.83 


0.466 


14 


14.61 


O.I2I 


06 


14.71 


0.392 


00 


14.27 




. 14.71 


0.395 4 


12 


« .678 


14.71 


O.H2 


25 


14.76 


0.515 


08 


14.71 


0.170 


20 


14.71 


0.441 


08 


14.12 




• 14.71 


0.444 J 


7 


8157-558 


15.57 


0.284 


03 


15.42 


o.i8o 


07 


14.99 


0.162 


13 


14.89 


0.426 


14 


14.27 




. 14.71 


0.501 c 


>5 


9S33-8i6 


14.71 


0.465 


01 


15.57 


0.461 


12 


15.83 


0.276 


46 


14.89 


0.564 


22 


• • • • 




• • • • • 


• • • • • 




« .888 


14.61 


0.039 


20 


14.51 


0.533 


II 


15.83 


0.348 


ZZ 


14.89 


0.636 


II 


■ a • ■ 




> ■ • • • • 


• • • • • 




" .914 


14.89 


0.065 


30 


14.71 


0.015 


28 


15.73 


0.374 


22 


• • • • 


• ■ • • 


• • 


• • • « 




* • • • • • 


• a • • • 




" -947 


14.71 


0.098 


12 


14.32 


0.048 


26 


15.42 


0.407 


09 


14.56 


0.695 


15 


• • • • 




1 • • • • • 


a a a • • 




9537.761 


15.42 


0.428 


06 


14.71 


0.050 


II 


15.83 


0.375 


31 


14.51 


0.296 


39 


• • • • 




» • a • « • 


• • • • « 




« .786 


14.89 


0.453 


00 


14.79 


0.075 


02 


15.73 


0.400 


21 


14.56 


0.321 


20 


• • • • 




» • • • • • 


• • • • fl 




" .812 


14.51 


0.479 


00 


14.89 


O.IOI 


02 


14.99 


0.426 


49 


14.56 


0.347 


15 


• • • • 




• • ■ • • • 


• • • « 1 




" .836 


14.61 


0.006 


36 


14.99 


0.125 


05 


14.32 


0.450 


60 


14.66 


0.371 


04 


• • • a 




• • • • • • 


• • • • 




« .874 


14.71 


0.044 


27 


15.42 


0.163 


16 


14.66 


0.008 


30 


14.56 


0.409 


^7 


• • • • 




• • • ■ • • 


a • • • 




« .899 


14.89 


0.069 


27 


15.42 


0.188 


06 


14.71 


0.033 


32 


14.56 


0.434 


22 


• • • • 




• • • • • • 


• • • • 




" -924 


14.99 


0.094 


18 


15.42 


0.213 


05 


14.99 


0.058 


57 


14.76 


0.459 


07 


• • • • 




• • • • • • 


• • ■ • 




" -95o| 14-99 


0.120 


02 


15.42 


0.239 

• 


10 


14.89 


0.084 


40 


14.71 


0.485 


22 


• • • • 




• • • • a • 


• • • • 


_ 
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ANNALS OF HARVABD COLLEGE OBSERVATORY 



1 D. 


No. 69. Per. o<.494876 1 


No. 70. Per. 0^.558530 


No. 71. Per.o'.5o3468 1 No. 79. Per. o'.seaioS 


No. 73. Per. not 


det'd. No. 74- Per. not del 


t'd. 


^ a M^9 


Magn. 


Phase 


Res. 


Mflg*^. 


Phase 


Res. 


Mtga. 


Phase 


Res. Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. Magn. 


Phase I 


les. 


1145-794 


H'5 


0.458 


• • 


14,5 


0.2II 


• • 


I4.S 


0.303 


.. I4.S 


0.074 




I4.S 




.. 13-83 






1148.796 


14.27 


0.491 


10 


14.9 


0.420 


« a 


153 


0.290 


•• ^5-3 


0.265 




14.56 




.. 14.17 






1155-796 


14.66 


0.068 


26 


I4.Q 


0.160 


• • 


14.9 


0.256 


. . 14.8 


0.520 




14.9 




.. 13.78 






1 161.809 


14.56 


0.142 


3^ 


14.56 


0.029 


01 


15.3 


0.239 


.. 15-1 


0.350 




14.66 




.. 14.17 






1174.794 


H'9 


0.260 


■ • 


i4.g 


0.168 


• ■ 


14.6 


0.160 


.. 14,9 


0.406 




14.8 




.. 13.78 






1178-785 


15,1 


0.292 


• ■ 


I S.I 


0.249 


• • 


14,9 


O.I3I 


" i4'9 


0.463 




14.27 


• • • • 


. . 14.17 






1 199.701 


^5-3 


0.424 


• • 


I S.I 


0.500 


• • 


15.3 


0.446 


. . 14.61 


0.019 


00 


14.94 




.. 13.83 






3346.540 


14.27 


0.491 


10 


15.40 


0.388 


09 


15.78 


0.239 


30 15." 


0.167 


04 


14.56 


• • • • 


.. 14.12 






3366.544 


15-42 


0.205 


20 


15-70 


0.286 


24 


15.21 


0.144 


07 15.47 


0.497 


04 


15.32 




.. 13.83 




' 


3369.698 


i5'3 


0.389 


• • 


15.02 


0.088 


12 


i5'3 


0.284 


• 15.3 


0.279 


• « 


14.66 




■• 14.17 






3370.528 


15-78 


0.230 


45 


15-77 


0.360 


28 


14.99 


0.109 


03 14.89 


0.547 


22 


14.99 




• 13-95 






3371-529 


15-83 


0.241 


47 


15-52 


0.244 


II 


14.99 


0.105 


06 15.47 


0.423 


02 


14.76 




.. 13.83 






3374.502 


15.21 


0.245 


16 


15-54 


0.424 


05 


14.61 


0.063 


04 14.61 


0.024 


00 


14.56 




.. 13-83 






" -538 


^5-3 


0.281 


m • 


iS'O 


0.460 


• • 


14.94 


0.099 


04 14.66 


0.060 


02 


14.56 




.. 13.88 






3376.502 


15-34 


0.265 


06 


15-32 


0.190 


01 


14.66 


0.053 


06 15.47 


0.337 


04 


14.61 




. . 14.17 






" -543 


15.16 


0.306 


27 


15-32 


0.231 


08 


14.79 


0.094 


08 15.61 


0.378 


14 


14.56 




.. 13.88 






" -584 


15-37 


0.347 


07 


15.36 


0.272 


10 


15-05 


0.135 


04 15.32 


0.419 


16 


14.56 




.. 14.17 






" -677 


14.94 


0.440 


33 


15-42 


0.365 


07 


15.16 


0.228 


28 14.99 


0.512 


33 


14.66 




• 13-73 






3377-578 


15-37 


0.351 


06 


15.04 


0.149 


16 


14.89 


0.124 


H 15.27 


0.289 


08 


14.51 




■ • 13-40 






3378.579 


15.21 


0.363 


22 


14.46 


0.033 


11 


14.89 


0.120 


12 14.99 


0.166 


08 


14.51 




.. 13.83 






3380.500 


15-42 


0.304 


01 


15.40 


0.279 


06 


14.32 


0.031 


OS 15.47 


0.401 


01 


14.99 




.. 13-83 






« .602 


15-47 


0.406 


05 


15.40 


0.381 


10 


14.66 


0.133 


4^ 15.37 


0.503 


02 


14-32 




.. 13.99 






3390.604 


14.12 


0.016 


05 


15.52 


0.329 


04 


14.66 


0.086 


16 15.6 


0.387 


• • 


14.76 




.. 14.17 






3408.568 


15.11 


0.164 


09 


15-24 


0.421 


25 


14.94 


0.464 


// 15.78 


0.363 


32 


14.56 




.. 14.17 






3409.544 


14.89 


0.150 


03 


15.02 


0.280 


44 


15.47 


0.435 


07 15.05 


0.215 


15 


14.42 




.. 13-83 






" .623 


15-37 


0.229 


06 


15.34 


0.359 


14 


14.12 


O.OII 


15 15.42 


0.294 


06 


14.61 




14.22 






3411.603 


15-37 


0.230 


04 


14.72 


0.104 


29 


14.42 


0.484 


02 14.27 


0.026 


34 


14.32 




• 13-45 






3412.560 


15.16 


0.197 


01 


14.89 


0.503 


07 


15.61 


0.436 


07 15-42 


0.421 


06 


14.56 




•• 13-58 






3413-569 


15-37 


0.216 


10 


15.36 


0.395 


14 


15.47 


0.440 


06 15.47 


0.305 


10 


14.66 




•. 13.95 






3414.620 


15-47 


0.278 


06 


15-26 


0.329 


22 


14.66 


0.486 


30 15-08 


0.232 


15 


14.66 




. . 14.17 






3415-489 


15-05 


O.IS7 


08 


14.92 


0.081 


05 


15.83 


0.350 


23 14.66 


0.539 


II 


14.99 




. . 14.12 






" -531 


15-37 


0.199 


18 


15.11 


0.123 


00 


15.21 


0.392 


39 14-42 


0.019 


19 


15.21 




.. 14.12 






" -572 


15-42 


0.240 


07 


15. II 


0.164 


14 


15.57 


0.433 


02 14.66 


0.060 


02 


14.99 




. . 14.17 






" .614 


15.16 


0.282 


25 


15-24 


0.206 


10 


14.94 


0.475 


29 14.76 


0.102 


10 


14.66 




.. 14.17 






3419-548 


16,4 


0.257 


• • 


15-34 


0.230 


05 


15.37 


0.389 


23 14.99 


O.IOI 


14 


15.05 




.. 13.99 






3422.494 


16.0 


0.234 


• • 


1S.2 


0.384 


• • 


16.0 


0.320 


•• 15.32 


0.237 


08 


14.66 




•• 13.45 






" -591 


16,4 


0.331 


• • 


1S.2 


0.481 


• • 


i5'4 


0.417 


.. IS.4 


0.334 


a • 


15.16 




.. 13.88 






3423.506 


15-73 


0.256 


34 


15-76 


0.279 


30 


15.61 


0.328 


02 14.99 


0.124 


05 


14.56 




.. 13.83 






3666.649 


16.0 


0.415 


a • 


iS-78 


0.465 


36 


15.42 


0.276 


12 16.0 


0.437 


• • 


14.76 




. . 14.12 






3673.681 


13.83 


0.024 


36 


15.22 


0.237 


19 


15.78 


0.273 


24 15.11 


O.161 


OS 


15.16 




.• 13.95 






3693-638 


i5'3 


0.186 


• • 


14.80 


0.087 


10 


15.26 


0.132 


18 1S.3 


0.445 


• ■ 


15.16 




.. 13.83 






3694-577 


14.66 


0.135 


i7 


16,0 


0.467 


• • 


14.56 


0.066 


12 16.0 


0.259 


• • 


14.99 




. . 14.02 






" .615 


14.89 


0.173 


i8 


14.89 


0.505 


09 


14.89 


0.104 


04 15.42 


0.297 


05 


14.94 




. . 14.12 






3695-519 


14.89 


0.087 


36 


15-93 


0.292 


46 


14.27 


0.003 


02 14.66 


0.077 


07 


14.89 




.. 14.17 






« .561 


14.94 


0.129 


14 


15-32 


0.334 


16 


14.71 


0.045 


21 14.94 


O.II9 


01 


14.66 




. . 14.12 






" .602 


14.99 


0.170 


05 


15-57 


0.375 


08 


14.89 


0.086 


07 14.99 


0.160 


06 


14.66 




. . 14.12 






« .644 


16.4 


0.212 


• m 


15.78 


0.417 


28 


15.16 


0.128 


12 15.16 


0.202 


00 


14.71 




. . 14.12 






3698.504 


14.66 


0.103 


02 


14.99 


0.485 


16 


14.66 


0.476 


03 15.05 


0.252 


22 


14.89 




.. 13.88 






3699.499 


14.56 


0.108 


13 


15.32 


0.363 


17 


15.16 


0.466 


14 14.99 


0.122 


05 


14.99 




.. 13.83 






" .542 

• 


14.76 


0.151 


16 


15.37 


0.406 


13 


14.32 


0.006 


07 14.89 


0.165 


17 


14.71 




.. 13.83 







OBSERVATIONS OF THE VARIABLES IN BIESSIER 5 
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J.D. 


No. 69. Per. 0^.404876 


No. 70. Per. Of'. 5585 20 


No. 71. Per. 0^.502468 


Na 72. Per. 0^.562108 


No. 73- Per. not de 


t'd. No. 74- Per. not det*d. 1 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase I 


Us. Magn. 


Phase Res. 


3699.584 


14.99 


0.193 


18 


15.47 


0.448 


00 


14.56 


0.048 


03 


15.16 


0.207 


02 


14.66 




. . 14.02 




3713-513 


15.47 


0.266 


07 


1557 


0.414 


08 


15.37 


0.410 


22 


14.99 


0.084 


21 


14.89 




.. 13.73 




« .680 


15.57 


0.433 


24 


14.79 


0.022 


27 


14.89 


0.075 


IS 


15.27 


0.251 


02 


14.89 




. . 14.02 




3717517 


15.37 


0.311 


05 


14.89 


0.508 


16 


15.37 


0.395 


23 


15.21 


0.153 


18 


15.16 




. . 14.12 




« .692 


14.27 


0.486 


06 


15.16 


0.124 


05 


14.94 


0.067 


26 


15.78 


0.328 


37 


14.66 




.. 13.83 




' .817 


14.66 


O.I16 


07 


15.46 


0.249 


03 


15.3 


0.192 


• • 


15.46 


0.453 


03 


14.94 




. . 14.17 




3724-535 


15.47 


0.400 


04 


15.47 


0.265 


03 


15.47 


0.378 


13 


15.61 


0.426 


II 


14.89 




. . 14.17 




" .676 


14.27 


0.046 


01 


15.70 


0.406 


20 


14.27 


0.017 


01 


14.76 


0.004 


16 


15.16 




.. 13.83 




3748.572 


16.0 


0.188 


• • 


15.26 


0.286 


20 


16,0 


0.297 


• • 


16,0 


0.292 


• B 


14.66 




.. 13.83 




3775-556 


15.42 


0.449 


32 


15.34 


0.461 


09 


15.21 


0.147 


06 


15.47 


0.295 


II 


14.66 




. . 14.12 




3960.869 


14.99 


0.184 


13 


15.40 


0.345 


oS 


14.32 


0.050 


22 


14.66 


O.II2 


25 


14.56 




■ . 14.07 




4014-745 


14.61 


O.I18 


12 


14.56 


0.045 


07 


14.89 


0.162 


34 


14.56 


0.026 


05 


14.89 




. . 14.08 




4037-635 


iS'6 


0.244 


m • 


14.56 


0.036 


02 


16.0 


0.441 


• • 


15.37 


0.431 


12 


14.56 




.. 13.98 




" .663 


15.6 


0.272 


■ • 


14.74 


0.064 


01 


14.66 


0.469 


24 


15.42 


0.459 


07 


14.51 




•. 13.45 




4041.675 


• • • • 


• • • • 


• • 


15.29 


0.166 


04 


15.22 


0.461 


05 


14.89 


0.537 


12 


14.89 




. . 14.12 




4052.600 


15.47 


0.363 


04 


15.34 


0.479 


04 


15.98 


0.332 


39 


15.26 


0.220 


05 


14.99 




. . 14.04 




4058.548 


15.37 


0.372 


06 


15.36 


0.283 


10 


15.58 


0.250 


07 


15.06 


0.546 


38 


14.82 




. 13.52 




' Ma 


14.22 


0.486 


01 


15.34 


0.397 


16 


15.47 


0.364 


13 


14.82 


0.098 


01 


15.06 




.. 13.83 




' .780 


14.66 


0.109 


02 


14.42 


0.515 


21 


14.56 


0.482 


II 


15.06 


0.216 


14 


14.40 




. 14.04 




" .854 


15.06 


0.183 


06 


14.82 


0.031 


25 


14.56 


0.054 


01 


15.26 


0.290 


09 


14.40 




. . 14.04 




4066.635 


14.27 


0.046 


00 


14.48 


0.551 


08 


15.58 


0.297 


01 


15." 


0.202 


06 


14.40 




. . 14.22 




4067.636 


14.40 


0.057 


06 


15.88 


0.435 


39 


15.98 


0.294 


41 


14.94 


0.079 


20 


14.56 




• 13-52 




4069.560 


14.17 


0.002 


00 


15.24 


0.125 


12 


15.58 


0.208 


18 


15.37 


0.316 


01 


15.21 




. . 14.04 




« .795 


15.58 


0.237 


24 


15.58 


0.360 


09 


15.58 


0.443 


07 


14.89 


0.551 


26 


14.82 




.. 14.17 




4070.655 


14.82 


0.107 


14 


15.06 


0.103 


06 


15.78 


0.298 


21 


15.21 


0.287 


JJ 


14.84 




. . 14.04 




4071.538 


14.17 


0.000 


00 


15.73 


0.427 


24 


15.26 


0.176 


01 


14.82 


0.046 


18 


15.16 




. . 14.04 




" .747 


15.26 


0.209 


03 


15.06 


0.078 


23 


15.78 


0.385 


18 


15.26 


0.2S5 


03 


14.61 




. 13.52 




4072.538 


14.12 


O.OII 


04 


15.58 


0.310 


lO 


15.47 


O.171 


21 


15.37 


0.484 


10 


15.06 




. . 14.04 




« .745 


15.42 


0.218 


15 


14.82 


0.517 


20 


15.78 


0.378 


18 


14.89 


0.129 


07 


14.61 




.. 13.83 




4073.553 


14.22 


0.036 


01 


15.58 


0.208 


24 


15.58 


O.181 


27 


15.37 


0.375 


10 


14.99 




• 13.52 




« .758 


15.47 


0.241 


12 


15.58 


0.413 


08 


15.78 


0.386 


18 


14.99 


0.017 


39 


14.66 




. . 14.04 




4074.561 


14.82 


0.054 


50 


15.06 


0.099 


09 


15.26 


0.184 


06 


15.37 


0.258 


08 


15.06 




. . 14.04 




4085.663 


15.37 


0.269 


04 


14.82 


0.031 


25 


15.26 


0.232 


20 


14.89 


o.n8 


02 


14.61 




. 14.17 




4086.608 


15.26 


0.224 


04 


15.26 


0.417 


24 


15.06 


0.172 


20 


15.26 


0.501 


15 


15.06 




. . 14.17 




4092.573 


15.37 


0.251 


02 


15.26 


0.239 


15 


15.06 


0.107 


12 


15.26 


0.283 


08 


14.82 




. . 14.04 




4093.532 


15.47 


0.220 


19 


15.06 


0.081 


20 


14.71 


0.061 


07 


15.06 


0.118 


IS 


14.61 




.. 13.83 




'' .762 


15.58 


0.450 


50 


15.26 


0.3 1 1 


22 


15.26 


0.291 


30 


15.06 


0.348 


37 


14.82 




. . 14.04 




4133.607 


15.16 


0.210 


08 


14.71 


0.501 


13 


15.78 


0.441 


25 


15.42 


0.283 


09 


14.66 




.. 13.88 




4147.519 


15.27 


0.265 


13 


14.99 


0.450 


48 


15.37 


0.284 


18 


14.99 


0.142 


01 


14.61 




.. 13.83 




4437.629 


16.15 


0.378 


72 


15.16 


0.129 


02 


14.99 


0.470 


14 


14.94 


0.205 


23 


14.89 




•. 13.73 




4795.632 


14.22 


0.091 


33 


14.56 


O.I2I 


54 


15.47 


0.213 


OS 


14.66 


O.I4S 


35 


14.61 




. . 14.17 




4846.568 


14.56 


0.055 


24 


15.01 


0.232 


39 


16,4 


0.400 


■ ■ 


15.42 


0.491 


02 


14.56 




. . 14.12 




4860.582 


15.37 


0.212 


12 


15.42 


0.283 


04 


15.47 


0.345 


12 


15.47 


0.452 


02 


14.61 




. . 14.17 




4876.513 


15.37 


0.307 


05 


14.56 


0.016 


09 


15.73 


0.197 


37 


15.37 


0.082 


60 


14.66 




. . 14.17 




4886.535 


14.94 


0.431 


40 


14.61 


0.544 


20 


14.89 


0.170 


3<J 


14.89 


0.548 


23 


14.89 




. . 14.17 




5560.608 


14.17 


0.483 


05 


15.16 


0.483 


00 


15.47 


0.433 


08 


14.99 


0.092 


18 


15.16 




. . 14.17 




5562.605 


13.83 


0.006 


34 


15.37 


0.246 


04 


15.78 


0.420 


20 


15.78 


0.402 


30 


14.66 




. . 14.17 




5563.594 


14.17 


0.005 


00 


14.99 


O.I18 


09 


15.47 


0.404 


13 


15.47 


0.267 


16 


14.89 




• . 13.73 




5579551 


14.89 


0.126 


II 


15.61 


0.436 


12 


15.47 


0.282 


09 


14.71 


0.485 


75 


14.71 




. . 14.12 




5581.558 


14.99 


0.154 


03 


15.16 


0.209 


18 


15.73 


0.279 


19 


15.37 


0.244 


10 


14.61 




. . 14.17 
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ANNALS OF HAKVASD COLLEGE OBSERVATORY 



] 

J. D. - 


^0, 69. Per. 0^.494876 


No. 70. Per. o'.ssSsao No. 71. Per.o'. 


502468 No. U' Per. o'.s6aio8 No. 73. Per. not det'd- 1 Nc. 74. Pec. not det'd. 1 




BiiagiL 


Phtte Res. 


Magn. Phase Res. Biagn. Phase 


Res. Magn. Phase Res. Magn. 


Phase Res.| Magn. 


Phase Res. 


5899.564 1 


5.04 c 


>.449 04 


15.73 0.417 23 15.42 6.22^ 


\ 02 14.56 0.097 26 14.51 




.. 13.68 




5901.555 J 


[4.89 C 


>.46i 17 


15.27 0.174 00 15.27 0.20^ 


\ 12 15.37 0.401 II 14.56 




. . 14.17 




" ;646 I 


4.32 c 


>.057 00 


15.42 0.265 02 15.73 0.29* 


; 16 15.54 0.492 10 14.71 




. 14.14 




6633.655 I 


4.71 C 


>.I44 19 


14.42 0.055 29 14.71 0.20f 


\ R 14.71 0.075 02 14.51 




. 13.63 




6634.509 I 


4.17 c 


>.oo9 00 


15.42 0.350 07 14.66 O.O5J 


\ 05 15.54 0.366 08 14.32 




. 13.88 




" .5661 


:4.66 c 


).o66 27 


15.42 0.407 08 14.99 o.iic 


\ 00 15.22 0.423 27 14.46 




. 13.68 




« .682 1 


4.71 c 


>.i82 40 


14.32 0.523 21 14.99 0.23] 


[ 47 14.66 0.539 ^0 14.71 




. 14.17 




7021.639 ] 


[5.12 c 


>.i46 22 


15.73 0.426 24 15.57 0.285 


r 01 14.99 0.204 18 14.66 




. 14.07 




7023.629 1 


5.04 c 


).i56 08 


15.42 0.182 13 15.42 0.265 


r II 15.37 0.508 01 14.51 




. 13.58 




« .678 I 


5.42 c 


>.205 20 


15.73 0.231 33 15.73 o.3ie 


) 15 15.47 0.557 87 14.56 




. 13.78 




8157-558 1 


5.32 c 


).324 II 


15.27 0.315 21 14.99 O.I2( 


) 04 14.89 0.103 03 14.51 




. 14.07 




9533816 








14.66 




• 13.93 




« .888 








14.22 




. 14.12 




" -914 








• • •••« «••• ■• ••■• 




. 14.07 




" .947 








14.17 




• 13.93 




9537-761 








14.17 




. 14.17 




" .786 








14.27 




• 14-17 




" .812 








14.56 




• 14.17 




« .836 








14.56 




• 13.93 




« .874 








14.89 




. 13.83 




« .899 








14.89 




• 13.93 


• 


" .924 








14.99 




. 14.07 




" -95° 








14.71 




. 14.07 




1 

ID _ 


^0. 75. Per. o'.68688o 


No. 76. Per. not det'd. No. 77. Per. 0^. 


S47070 No. 78. Per. not det'd. No. 79. Per. 0^.4997^ 


S56 Na8a Per.o<.5Q3a6o 1 


] 


Magn. 


Phase Res. 


Magn. Phase Res. Magn. Phase 




Phase B 


.es. Magn. 


Phase Ret. 


1145.794 1 


4.5 C 


^•357 .. 


• ••■ •••• •• ••■• •••• 


• • •••• •••• ■• •••• 


• • • • • 


• • • a • 


• • • • # • 


H48.796 1 


4.9 C 


►.6l2 .. 


14.8 14.64 0.833 


\ 09 14.66 14.66 


0.046 C 


)2 .... 


■ • • • • • 


iiSS-796 I 


4.66 


►.056 II 


14.8 14.74 0.205 


) 08 14.8 


• • • • • 


. 14.8 


• ■ • ■ • • 


1161.809 1 


5.1 c 


►.574 .. 


15.16 14.72 0.293 


, 22 14.79 14.66 


0.065 ^ 


75. 1 


• • • ■ • • 


1174.794 1 


4,6 c 


L5o8 .. 


14*9 . . . . 


. . 14.61 14.66 


0.055 ^ 


>5 


• • ■ • * • ■ 


1178.785 1 


4,9 c 


^378 .. 


14-9 14.74 O.32J 


\ 25 14.92 14.66 


0.048 c 


)o 14.66 


O.I16 48 


H99.701 I 


4.66 G 


LOO I 04 


14.66 14.48 0.067 


' 13 14.66 14.99 


0.473 3 


\o 14.89 


0.398 30 


3346.540 I 


5.16 C 


L340 09 


14.56 14.88 0.43c 


> 23 14.66 14.66 


0.233 ^ 


)2 14.71 


0.330 II 


3366.544 I 


5.47 


f.424 13 


14.56 14.66 0.105 


; 00 15.27 14.56 


0.245 J 


/ 15." 


0.204 07 


3369.698 I 


4.94 


1.144 02 


14.94 14.94 0.718 


1 00 14.94 14.94 


0.401 i 


9 14.66 


0.338 17 


3370.528 I 


5.21 


►.287 02 


14.99 14.89 0.70c 


> 14 15.11 14.71 


0.231 c 


^2 15.37 


0.162 16 


3371-529 I 


5.42 


i.6oi II 


15.21 14.51 0.007 


05 15.11 14.61 


0.232 c 


)8 15.11 


0.156 II 


3374.502 I 


4.89 


M40 03 


14.99 14.99 0.435 


) 12 15.16 14.71 


0.207 ^ 


►p 15.08 


0.109 OS 


" .5381 


4.66 


M76 32 


15.36 15.16 0.475 


; 02 14.89 14.66 


0.243 c 


K) 15. II 


0.14s ^0 


3376.502 I 


4.66 


►.079 15 


14.61 14.61 0.745 


; 19 14.99 14.89 


0.208 c 


»8 15.16 


0.096 08 


" .543 I 


4.89 


M20 02 


14.66 14.50 0.786 


\ 14 15.16 14.89 


0.249 ^ 


>3 15.32 


0.137 12 


" .5841 


4.89 


►.161 07 


14.89 14.48 0.827 


' 08 15.37 14.94 


0.290 2 


>i 15.47 


0.178 29 


« .677 I 


4.66 


•.254 48 


14.66 14.64 0.073 


1 02 14.66 


• • • • • 


• • • • • 


• • • • • « 


3377.578 I 


4.99 


1.468 38 


14.99 14.74 0.127 


06 14.99 14.89 


0.284 I 


7 15.11 


0.166 10 


3378.579 I 


4.71 


►.095 12 


14.66 15.00 0.281 


07 14.89 14.84 


0.285 I 


2 15.37 


0.160 15 


3380.500 I 


5.37 


Mz 36 


14.89 15.22 O.50J 


\ 07 15.37 14.66 


0.207 1 


6 14.79 


0.068 18 


" .602 I 


4.66 G 


►.058 12 


15.37 15.36 O.61C 


) 18 14.89 14.94 


0.309 I 


I 15.47 


0.170 28 


3390.604 I 


6.0 c 


►.443 • • 


14.99 15.21 0.447 


' 09 15.16 14.89 


0.316 c 


K) 14.89 


0.107 23 



OBSERVATIONS OF TBE VARIABLES IN MESSIER 5 
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J.D. 


No. 75. Per- 0^.6868)10 


No. 76. Per. not det'd. 1 No. n. Per. 0^.847070 


No. 78- Per. not det'd. 1 No. 79- Per- 0^.4097856 


No. 8a Per. 0^.503260 1 


Macn. 


Phase 


Res. 


Magn. 


Phase Res-I Magn. 


Phase 


Res. 


Magn. 


Phase Res-I Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


3408.568 


15-27 


0.548 


JJ 


14.66 




. . 14.66 


0.622 


52 


14.94 




. . 14.66 


0.287 


06 


15.42 


0.457 


20 


3409.544 


14.89 


O.I5I 


04 


14.89 




. . 14.44 


0.751 


33 


14.66 




. . 14.56 


0.264 


II 


15.37 


0.426 


12 


" .623 


14.99 


0.230 


10 


14.89 




. . 14.61 


0.830 


05 


14.99 




. . 14.99 


0.343 


03 


15.47 


0.002 


62 


3411.603 


14.66 


0.149 


27 


14.66 




. . 15-" 


0.269 


21 


14.94 




•- 15.05 


0.324 


II 


15.37 


0.472 


30 


3412.560 


iS-37 


0.419 


04 


14.99 




. . 15-00 


0.379 


04 


15-16 




. . 14.89 


0.281 


18 


15.32 


0.423 


08 


3413-569 


14.66 


0.054 


II 


14.66 




. ■ 15-21 


0.541 


05 


14.89 




. . 14.94 


0.290 


21 


15.47 


0.425 


23 


3414.620 


14.99 


0.419 


34 


14.76 




. . 14.61 


0.745 


19 


14.94 




. . 15.01 


0.342 


01 


15.47 


0.470 


37 


3415.489 


14.99 


0.601 


32 


14.94 




. . 14.58 


0.767 


H 


15-16 




. . 14.71 


0.2II 


08 


14.76 


0.332 


06 


" -531 


14.94 


0.643 


07 


14.94 




14.61 


0.809 


04 


15.16 




. . 14.61 


0.253 


05 


15.04 


0.374 


04 


" .572 


14.66 


0.684 


06 


15-" 




. . 14.66 


0.003 


10 


15.05 




. . 14.76 


0.294 


OI 


I5.II 


0.415 


^3 


" .614 


14.56 


0.039 


18 


14.99 




. . 14.61 


0.045 


02 


14.94 




. . 14.94 


0.336 


05 


15.21 


0.457 


01 


3419.548 


15-42 


0.538 


02 


14.99 




. . 14.94 


0.590 


24 


I5-" 




. . 14.66 


0.272 


02 


14.66 


0.365 


36 


3422.494 


14.89 


0.050 


13 


14.99 





. . 14.89 


0.148 


17 


14.89 




. . 14.71 


0.219 


02 


14.66 


0.292 


07 


" .591 


15-16 


O.I47 


23 


15-21 




. . 15.14 


0.245 


27 


15.16 




. . 14.66 


0.316 


21 


14.79 


0.389 


35 


3423.506 


15-57 


0.375 


28 


14.66 




. . 15.08 


0.313 


II 


I5-II 




. . 14.66 


0.232 


03 


14.66 


0.297 


07 


3666.649 


14.99 


0.363 


29 


14.66 




. . 14.66 


0.347 


35 


14.89 




. . 14.66 


0.479 


00 


• • • • 


• • • • 


m • 


3673.681 


15-37 


0.526 


03 


14.66 




. . 15.02 


0.602 


16 


15.16 




. . 14.61 


0.014 


01 


15.16 


0-3S2 


24 


3693.638 


^5-3 


0.563 


• • 


15-16 




14.66 


0.230 


18 


15-16 




. . 14.56 


0.480 


09 


• • • • 


• • • • 


« . 


3694.577 


14.99 


0.129 


10 


15-16 




. . 14.94 


0.322 


05 


15-21 




. . 15.16 


0.419 


07 


• • • • 


• • • • 


• • 


" .615 


14.99 


0.167 


02 


14.94 




. . 14.99 


0.360 


04 


15-16 




. . 14.99 


0.457 


16 


14.99 


0.149 


2J 


3695-519 


15-16 


0.384 


14 


14.89 




. . 14.99 


0.417 


10 


14.99 




. . 15." 


0.361 


03 


14.89 


0.047 


02 


" .561 


15-32 


0.426 


02 


14.89 




. . 14.99 


0.459 


14 


14.89 




. . 15.21 


0.403 


08 


15-05 


0.089 


01 


« .602 


15-57 


0.467 


20 


14.71 




. . 14.99 


0.500 


15 


14.99 




. 14.94 


0.444 


00 


15-05 


0.130 


13 


« .644 


15.78 


0.509 


39 


14.66 




. . 15.27 


0.542 


10 


15.16 




. . 14.66 


0.486 


02 


IS-" 


0.172 


08 


3698.504 


14.99 


0.621 


21 


14.94 




. . 14.66 


0.013 


09 


14.89 




■ • • • • • 


• • • • 


• • 


14.66 


O.OI2 


20 


3699.499 


14.89 


0.242 


^3 


14.66 




14.66 


O.161 


07 


14.66 




. . 15.16 


0.343 


13 


14.99 


0.000 


14 


" .542 


14.94 


0.285 


25 


14.56 




. . 14.61 


0.204 


20 


14.89 




. . 15.16 


0.386 


03 


14.94 


0.043 


03 


" .584 


15-" 


0.327 


13 


14.71 




. . 14.66 


0.246 


21 


IS-" 




.. 15.21 


0.428 


IS 


I5-II 


0.085 


07 


3713-513 


15-42 


0.519 


03 


14.99 




. . 15.16 


0.622 


02 


14.89 




. . 15.16 


0.363 


07 


15.16 


0.426 


09 


« .680 


15-11 


0.686 


39 


14.99 




. . 14.89 


0.789 


26 


15-" 




. . 14.76 


0.030 


IS 


14.89 


0.090 


18 


3717-517 


15-42 


0.401 


10 


14.99 




.. 15.05 


0.391 


02 


14.66 




. 14.99 


0.369 


II 


15.37 


0.404 


IS 


« .692 


15-61 


0.576 


24 


14.61 




. . 15.16 


0.566 


01 


15-" 




. . 14.66 


0.044 


02 


14.89 


0.076 


II 


« .817 


14.94 


0.015 


21 


14.94 




. . 14.94 


0.691 


^3 


14.76 




1 • « • • • 


• • • • 


• • 


* • • • 


• • • • 


m • 


3724-535 


15.47 


0.551 


08 


14.71 




• 15-34 


0.632 


16 


15-37 




. 15.16 


0.390 


03 


15.05 


0.377 


03 


« .676 


14.79 


0.005 


08 


14.94 




. . 14.74 


0.773 


05 


14.66 




. 14.56 


0.031 


06 


14.89 


0.014 


03 


3748.572 


15-3 


0.547 


• ■ 


15-16 




. . 14.88 


0.104 


24 


14.94 




. 14.99 


0.437 


02 


14.89 


0.257 


12 


3775-556 


15-05 


0.056 


28 


14.66 




. . 14.64 


0.829 


08 


14.79 




. 14.99 


0.433 


03 


14.89 


0.065 


08 


3960.869 


15-42 


0.598 


09 


15.42 




.. 15-05 


0.634 


^3 


14.71 




• 14.71 


0.325 


22 


14.99 


0.179 


19 


4014.745 


14.85 


0.210 


20 


14.66 




14.81 


0.297 


H 


15.08 




. . 15.19 


0.224 


48 


14.82 


0.206 


21 


4037-635 


15-42 


0.433 


08 


14.56 




. . 14.79 


0.316 


18 


14.76 




. . 14.89 


0.124 


22 


14.89 


0.449 


35 


" .663 


15-42 


0.461 


06 


14.66 




. 14-76 


0.344 


25 


14.56 




. 15.22 


0.152 


07 


14-71 


0.477 


27 


4041.675 


15.42 


0.352 


15 


14.99 




. . 14-51 


O.I2I 


17 


14.76 




. 15.22 


0.166 


08 


14.89 


0.463 


29 


4052.600 


15-26 


0.287 


08 


14.99 




. . 14.72 


0.034 


14 


15.21 




. 15.06 


0.096 


09 


14.94 


0.316 


18 


4058.548 


14.89 


0.053 


12 


14.82 




. 14.44 


0.053 


16 


15.06 




. . 14.82 


0.046 


18 


14.66 


0.225 


22 


" .662 


15.06 


0.167 


09 


14.89 




. . 14-58 


0.167 


16 


14.89 




. 15.06 


0.160 


08 


15.06 


0.339 


23 


« .780 


iS-ii 


0.285 


07 


14.40 




. . 14.86 


0.285 


07 


15.21 




. 14.66 


0.278 


03 


15-26 


0.4S7 


04 


" .854 


15.21 


0.359 


06 


14-51 




. 15.06 


0.359 


03 


14.82 




. . 14.82 


0.352 


24 


14.89 


0.028 


02 


4066.635 


14.99 


0.584 


36 


14.40 




. . 15.16 


0.516 


00 


15.06 




. 15.06 


0.137 


07 


14.66 


0.260 


09 


4067.636 


15-11 


0.212 


OS 


14.94 




15-34 


0.670 


21 


14.82 




. 15.06 


0.138 


08 


14.82 


0.254 


06 


4069.560 


14.89 


0.075 


09 


14.61 




. 14.56 


0.053 


04 


15.16 




. . 14.66 


0.063 


08 


15.16 


0.165 


05 
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ANNALS OF HARVARD COLLEGE OBSERVATORY 



J.D. 


No. 75- Per. o'.dSdSSo 


No. 76. Per.notdet' 


d. No. 77. Per. 0^.847070 


No. 78. Per. not det* 


d. No. 79. Per. 0^.4997856 


No. 80. Per. 0^.503260 1 


Magn. 


PhMe 


Res. 


Magn. 


Phase R< 


es. Magn. 


Phase 


Res. 




Phase R 


es. Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


4069.79s 


15-" 


0.310 


12 


14.82 






. 14.82 


0.288 


II 


14.99 






14.61 


0.298 


16 


15.06 


0.400 


15 


4070.655 


15-26 


0.483 


II 


14.89 






. 14.94 


0.301 


01 


15.21 






. 15. II 


0.158 


03 


14.82 


0.254 


06 


4071.538 


14.82 


0.679 


09 


14.82 






. 14.82 


0.336 


18 


14.82 






14.61 


0.042 


03 


15-06 


0.130 


12 


" .747 


15-26 


0.201 


22 


14.61 






. 15.06 


0.546 


II 


15.21 






. 14.71 


0.251 


OS 


14.82 


0.339 


01 


4072.538 


15-26 


0.306 


04 


14.82 






. 15." 


0.489 


03 


15.21 






. 14.66 


0.042 


02 


15-06 


0.124 


II 


" -745 


15-26 


0-513 


JJ 


14.66 






. 15.26 


0.696 


22 


15.16 






. 14.82 


0.249 


IS 


14.66 


0.331 


16 


4073-553 


14.82 


0.634 


28 


14.82 






. 15-26 


0.657 


09 


15.16 






. 14.82 


0.058 


12 


15.II 


0.132 


08 


" .758 


1506 


0.152 


13 


14.94 






. 14.40 


0.015 


16 


14.99 






. 14.66 


0.263 


01 


14-71 


0.337 


12 


4074.561 


15-26 


0.268 


10 


14.84 






14.66 


0.818 


09 


15.06 






. 14.66 


0.066 


09 


15.16 


0.134 


03 


4085.663 


15-21 


0.380 


09 


14.40 






. 14.40 


0.061 


21 


14.82 






. 15.06 


0.173 


06 


15.21 


0.164 


00 


4086.608 


14.82 


0.638 


27 


14.66 






. 14.82 


0.159 


09 


15-16 






. 14.99 


O.I18 


09 


15.11 


0.103 


00 


4092.573 


15-26 


0.421 


08 


14.40 






. 14.82 


0.195 


03 


15-06 






. 15." 


0.086 


21 


14.56 


0.028 


31 


4093-532 


14.82 


0.006 


II 


14.71 






. 15.06 


0.307 


10 


14.82 






14.66 


0.045 


02 


14.61 


0.484 


26 


« .762 


15-26 


0.236 


15 


14.61 






. I5-" 


0.537 


04 


15-06 






• • • • • 


■ • • • 


• • 


• • • • 


• ■ ■ ■ 


• • 


4133-607 


15-58 


0.242 


46 


14.66 






. 15.21 


0.569 


04 


14.89 






. 15.11 


0.137 


02 


14.71 


0.298 


03 


4147-519 


14.92 


0.417 


41 


14.66 






. 14.66 


0.081 


03 


14.99 






. 14.99 


0.055 


29 


15.37 


O.II9 


21 


4437-629 


14.96 


0.663 


15 


14.61 






. 15.II 


0.493 


03 


14.99 






. 14.89 


0.290 


16 


14.99 


0.351 


08 


4795-632 


15-02 


O.H5 


16 


14.61 






. 14.61 


0.186 


17 


14.66 






. 15.16 


0.446 


22 


15.37 


0.033 


49 


4846.568 


15.68 


0.222 


60 


14.66 






. 14.99 


0.297 


05 


15-37 






. 15-21 


0.404 


08 


15-37 


0.140 


17 


4860.582 


15.02 


0.498 


36 


14.66 






• 14-56 


0.758 


18 


15-37 






. 15.05 


0.424 


02 


14-76 


0.063 


20 


4876.513 


15-42 


0.631 


28 


14.61 






. 14.89 


0.595 


29 


15-37 






. 14.99 


0.362 


10 


15-37 


0.393 


20 


4886.535 


14.89 


0.350 


37 


14.89 






. 14.99 


0.452 


13 


14.99 






. 15.47 


0.388 


34 


14.99 


0.349 


10 


5560.608 


15.37 


0.593 


02 


14.89 






. 14.99 


0.257 


II 


14.89 






. 14.71 


0.251 


04 


14.89 


0.054 


04 


5562.605 


14.99 


0.530 


40 


15.II 






. 15.42 


0.560 


25 


15.37 






. 14.89 


0.248 


22 


14.89 


0.038 


00 


5563-594 


14.99 


0.145 


06 


14.89 






14.66 


0.702 


35 


14.73 






. 14.94 


0.238 


26 


14.99 


0.020 


12 


5579-551 


14.89 


0.304 


33 


14.89 






. 15-21 


0.56s 


04 


15.05 






. 14.71 


0.202 


14 


15.16 


0.376 


08 


5581-558 


14.99 


0.250 


14 


15." 






. 14.71 


0.031 


13 


14.66 






14.61 


0.210 


18 


15.21 


0.370 


15 


5899-564 


14.99 


0.231 


II 


15.22 






. 14.99 


0.385 


07 


14.99 






. 15.17 


0.352 


12 


15.04 


0.316 


27 


5901.555 


14.76 


0.161 


20 


14.71 






• 15-37 


0.682 


26 


14.99 






. 15.04 


0.344 


01 


15.04 


0.294 


30 


*" .646 


14.79 


0.252 


35 


14.99 






. 14.71 


0.773 


03 


15.17 






. 14.99 


0.435 


02 


15.22 


0.385 


09 


6633-655 


14.71 


0.047 


05 


14.71 






• 14-51 


0.067 


II 


14.71 






. 14.71 


0.258 


OS 


14-99 


0.151 


2J 


6634.509 


15-32 


0.214 


26 


14.71 






. 14.89 


0.074 


27 


14.89 






. 15.22 


O.II2 


15 


14.89 


0.501 


OS 


" .566 


15.42 


0.271 


25 


14.66 






• 14-71 


O.I3I 


03 


14.99 






. 14.76 


0.169 


37 


14.99 


o.oss 


OS 


« .682 


15-22 


0.387 


09 


14.99 






. 14.79 


0.247 


08 


14.99 






. 14.89 


0.285 


18 


14.99 


0.171 


20 


7021.639 


14.99 


0.631 


H 


14.66 






• 14.71 


0.093 


07 


14.71 






. 14.99 


0.408 


H 


15.17 


0.121 


01 


7023.629 


14.71 


0.560 


68 


14.71 






. 15.12 


0.389 


06 


15.17 






. 14.99 


0.399 


14 


14.99 


0.098 


II 


« .678 


14.89 


0.609 


39 


14.66 






. 15.22 


0.438 


II 


15.27 






. 14.79 


0.448 


12 


15.17 


0.147 


03 


8157-558 


15.42 


0.450 


06 


14.71 






. 14.89 


0.091 


25 


14.99 






. 14.99 


O.3IS 


II 


14.99 


0.182 


18 


9533-816 


14.99 


0.201 


05 


14.71 






• 15.32 


0.707 


33 


14.99 






. 15.32 


0.163 


19 


14.89 


0.024 


02 


« .888 


15.42 


0.273 


24 


14.99 






. 14.99 


0.779 


33 


14.99 






14.89 


0.235 


21 


14.99 


0.096 


II 


** .914 


15-73 


0.299 


52 


15-42 






. 14.89 


0.805 


30 


14.99 






. 14.71 


0.261 


04 


15.04 


0.122 


12 


" -947 


15-32 


0.332 


07 


15.22 






. 14.51 


0.838 


04 


14.71 






. 14.71 


0.294 


05 


15.22 


O.IS5 


00 


9537-761 


14.56 


0.024 


18 


14.99 






. 15.04 


0.417 


05 


14.99 






. 15.22 


O.IIO 


17 


14.89 


0.446 


35 


" .786 


14.89 


0.049 


13 


14.99 






. 14.99 


0.442 


12 


14.99 






. 15.32 


0.135 


19 


14.79 


0.471 


29 


« .812 


14.89 


0.075 


08 


14.99 






. 14.99 


0.468 


14 


14.99 






. 15.22 


0.I6I 


08 


14.71 


0.497 


13 


" .836 


14.99 


0.099 


16 


14.79 






. 14.89 


0.492 


H 


15.32 






. 15.22 


0.185 


18 


14.76 


0.018 


10 


« .874 


14.99 


0.137 


08 


15.12 






. 15.12 


0.530 


03 


14.99 






. 14.99 


0.223 


28 


14.99 


0.056 


OS 


« .899 


14.99 


0.162 


02 


14.99 






. 14.99 


0.555 


18 


14.89 






. 14.99 


0.248 


33 


14.99 


0.081 


04 


*" -924 


15-27 


0.187 


26 


14.99 






. 15-22 


0.580 


04 


14.89 






. 14.99 


0.273 


30 


15.12 


0.106 


00 


*" -950 


15.32 


0.213 


25 


14.71 






. 15-22 


0.606 


04 


14.71 






. 14.71 


0.299 


06 


14.99 


0.132 


20 



OBSERVATIONS OF THE VARIABLES IN MESSIER S 



^47 



J.D. 



No. 8i. Per. o^.SS7332 



Magn. 



"45-794 
1148.796 

1155-796 
1161.809 

1174.794 

1178.785 
1199.701 

3346.540 

3366.544 

3369.698 

3370.528 

3371.529 
3374.502 

.538 
3376.502 

.543 
.584 
.677 

3377.578 

3378.579 
3380.500 

.602 
3390.604 
3408.568 
3409.544 

.623 
3411.603 
3412.560 

3413.569 
3414.620 

3415.489 

.531 
.572 
.614 

3419.548 
3422.494 

"^ .591 
3423.506 

3666.649 

3673.681 

3693.638 

3694.577 
.615 

3695.519 
.561 
.602 

.644 
3698.504 

3699.499 
•542 



u 



u 



a 



u 



4-9 
4-9 
5-3 

) « • • 

4.8 

5-3 

S-47 
5.61 

4.89 

5-30 
S-37 
S-47 
5-3 

5-21 

5-42 
5.61 

• • • 

5" 
4.79 
5.78 
6.0 

5.33 
4.71 
5.42 

5.47 
5.30 
4.66 
5.16 
5.42 

5.37 
5.42 
5.42 
5.21 
5.32 

4.89 
4.71 

5.57 
4.56 
5.21 

5.3 

4.94 

4.89 

5.42 

5.61 

4.66 

4.56 
5.30 
4.94 
4.71 



Phase 



0.186 
0.498 
0.380 

• • • • 

0.079 

0.374 
0.370 
0.310 

0.120 

0.393 
0.279 

0.465 

0.501 

0.236 

0.277 

0.318 

• • • • 

0.197 
0.084 

0.333 

0.435 
0.405 

0.534 

0.395 
0.474 

0.225 

0.067 

0.519 

0.455 
0.210 

0.252 

0.293 

0.335 
0.367 

0.527 

0.066 

0.424 

0.013 

0.357 
0.250 

0.074 

O.II2 

0.459 
0.501 

0.542 
0.027 
O.IOO 

0.538 

0.023 



Res. 



^3 
08 

II 

32 
II 

19 

18 
06 
08 

• • 

20 
00 
22 

• * 

30 
04 

20 

17 
08 

02 

08 

23 
04 

01 

09 

35 

27 
02 

03 
07 

01 

37 

■ • 

21 

06 

23 

IS 

03 

01 

42 
24 
14 



No. 8a. Per. 0^.5560x2 



Magn. 



Phase 



4.8 

4.66 

4.66 



4.99 
4.66 

4.66 

4.71 

4.84 

4.66 

4.84 

4.94 

4.94 
4.99 
4.94 

I • • • 

4.89 

4.99 

4.99 
4.99 

4.66 

4.99 

4.99 
4.99 
4.94 
5.05 
4.99 

• • • • 

4.79 
4.89 

4.89 

4.94 

4.56 
4.66 

4.66 

4.66 

I • • • 

4.76 
4.66 



15.04 
14.89 
14.71 



14.89 



Res. 



No. 83. Per. 0^.553310 



Mf^ 



4-9 

4.27 

5.1 

• • • 

4.66 

5.3 
4.71 
4.51 
5.37 

• • • 

4.84 
4.66 

4.71 

• • • 

5.42 

5.73 
5.42 

5.47 
6.0 

5.78 
5.47 
5.83 
5.21 

4.94 
4.99 

I • • • 

s-47 

S-37 
5-6i 

S-21 
4.89 

4.S6 
4-94 
S-47 

) ■ • • 

4.45 
5.1 

6.4 
6,0 

5.57 
6.4 

6,4 



16.0 



Phase 



• • • • 



0.420 

0.538 
0.429 

• ■ • • 

0.510 

0.344 
0.067 

0.515 
0.168 

• • ■ • 

0.508 

0.549 
0.037 

• • • • 

0.477 
0.372 
0.080 
0.182 
0.224 
0.482 

0.351 
0.430 

0.197 
0.048 

0.503 

• ■ • • 

0.210 
0.252 
0.293 

0.335 
0.396 

0.022 

O.II9 

0.481 

• • • • 

0.006 
0.044 
0.430 
0.468 
0.265 
0.307 
0.348 
0.390 



0.415 



Res. 



22 



04 

• ■ 

12 
04 

m m 

II 
17 

02 

• • 

21 

04 
38 
03 

• • 

21 
20 
II 

25 
12 

14 

• • 

02 

19 
01 

45 

82 

06 
29 
II 

• ■ 

06 



06 



No. 84. Per. ati'.s 



Magn. 



Phase 



Res. 



No. 85. Per.o'.5a7046. 



Magn. 



Phase 



Res. 



No. 86. Per. 0^.567901 



Magn. 



Phase 



Res. 
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J.D. 



No. 8x. Per. 0^.557332 



Magn. 



Phase 



Res. 



No. 82. Per. 0^.556012 



Magn. 



Phase 



Res. 



No. 83. Per. 0^.5533x0 



Magn. 



Phase 



Res. 



No. 84. Per. 264.S 



Magn. 



Phase 



Res. 



No. 85. Per. 0^.527046 



Magn. 



Phase 



Res. 



No. 86. Per. 0^.567901 



"Mitgn, 



Phase 



Res. 



3699.584 

3713-513 
« .680 

3717-517 
" .692 

« .817 

3724.535 
« .676 

3748.572 

3775-556 
3960.869 
4014.74s 

4037.635 
" .663 
4041.67s 
4052.600 
4058.548 
« .662 
« .780 

" .854 
4066.635 

4067.636 

4069.560 

" .795 
4070.655 

4071.538 

'^ -747 
4072-538 

" -745 
4073.553 

" .758 
4074.561 
4085.663 
4086.608 

4092.573 

4093.532 

« .762 

4133.607 

4147.519 
4437.629 

4795.632 
4846.568 
4860.582 

4876.513 
4886.535 

5560.608 

5562.605 

5563.594 
5579.551 
5581.55^ 



4.71 

4.84 
5.42 
5.16 

5.78 



0.065 
0.061 
0.228 
0.164 

0.339 



03 

17 

04 

03 
21 



14.99 
14.99 
14.99 



5.64 
4.66 

4.56 

5.37 
5.42 

5.67 

5.57 
6.0 

5.42 

5.26 

4.82 

5.06 

5.42 

5.47 
5.47 

5-21 

471 
5.06 

5.16 
5.26 

5.58 
5.06 

5.58 
4.40 
5.26 
5.06 

5-47 

5.47 
4.82 

4.66 

5.37 
542 

5.47 

5-37 
5.61 

4.56 
5.42 

5.93 
5.78 
5.21 
5.78 
5.78 

4.99 
5.61 



0.494 
0.077 

0.008 

0.240 

0.519 
0.334 

0.373 
0.401 

0.512 

0.290 

0.108 

0.222 

0.340 

0.414 

0.392 

0.278 

0.530 
0.208 

0.511 
0.279 
0.488 
0.164 

0.371 
0.065 

0.270 

0.515 
0.471 

0.301 

0.135 

0.537 
0.210 

0.484 

0.463 

0.203 

0.399 
0.060 

0.141 

0.467 

0.457 
0.158 

0.483 

0.357 
0.152 

0.487 



07 
07 

00 

04 

34 
II 

03 

• • 

22 

25 
10 

31 

15 
27 

12 

27 

06 

23 
04 

^3 
02 

27 

21 

08 

iS 

06 

25 
07 

04 
21 

19 
04 
01 

10 

31 

27 
12 

OS 

15 

20 

j6 
01 



4.89 

4.79 
4.89 

4.66 
5.42 



4.37 
4.37 
4.71 
5.26 

5.42 
5.26 

■ • • 

4.82 

4.99 
5.21 
4.66 

5.21 
4.61 

5.06 

4.61 



4.82 
5.26 
4.66 
4.56 

I • ■ • 

5.16 
4.56 



5.47 
4.61 

■ • • 

5.21 
5.78 
4.89 

• • • 

4.99 
5.42 

5.47 
4.66 



0.380 
0.212 
0.326 

• • • • 

0.518 

0.515 
0.404 

0.104 

0.339 
0.087 

0.414 

0.067 



05 
29 
03 

m • 

06 

22 
II 
20 

09 
20 

^5 



0.205 
0.410 

O.IOI 

0.082 

• • • ■ 

0.320 
0.167 



0.221 

0.093 

• • • • 

0.363 

0.477 

0.283 

• • ■ • 

0.483 

0.256 

0-133 

0.522 



29 

06 

19 
14 

• • 

13 

45 



33 

22 

• m 

09 

56 
37 

• • 

21 
21 

54 

08 



6,0 

4.56 
6.0 



0.457 

0.553 
0.167 



5.6 



0.306 



4.89 

5.21 

5.3 

5." 
4.71 



0.509 
0.097 

0.200 

0.072 

0.026 



6.0 



0.436 



4.76 
5.26 

558 
5.58 
4.71 
5.42 
4.89 
4.40 
5.26 
4.82 
5.26 
4.56 

5." 
5.42 
5.06 
5.26 
4.82 
5.26 
5.26 

5.58 
4.82 

5.58 



6.0 

5.37 
5.78 
6,0 



4.99 

5-05 
4.66 

5.47 

5.83 
6.15 

5.37 
4.89 



0.049 
0.461 
0.323 

0.437 

O.OOI 

0.075 

O.I 10 
0.004 
0.269 

0.504 

0.257 

0.033 

0.242 
0.480 

0.134 
0.388 

0.040 
0.290 
0.326 
0.164 

0.043 

0.448 



0.132 

0.2II 
0.386 
0.398 



07 



17 
08 



II 

07 



06 

42 
06 

14 
21 

39 
32 
12 

33 
02 

31 

43 
iS 

25 

45 

05 

35 

39 

17 
02 

12 



13 
08 



0.057 
0.496 
0.005 
0.146 
0.483 
0.366 
0.277 
0.070 



10 

15 

15 

13 
28 

47 

23 
10 



2.20 

2.73 
2.83 

2.73 

2.73 
1.61 

2.10 

2.10 

2.04 

2.10 

2.20 

2.20 

2.04 

1.61 

1.61 

1.61 

1.61 

1.34 
1.61 

1.61 
1.61 
1.61 
2.58 
2.10 
2.78 
2.58 
2.58 



19.9 
20.7 
17.1 
17.2 
21.2 
5.6 

"-5 
11.7 

11.8 

11.9 

19.6 

20.6 

22.6 

22.8 

23.7 

24.5 

24.7 

25.5 

25.7 
0.1 

0.3 
I.I 

12.2 

13.1 
19.1 

20.0 

20.3 



40 
16 

24 

14 
20 

06 

18 

18 

24 
22 

40 

3S 
21 

54 

24 
02 

01 

20 

07 

07 

07 
06 

35 

33 
18 

02 

01 



15.42 



0.221 



05 



15.22 



0.189 



14.56 



0.045 



01 



14.99 



0.254 



15.06 
15.58 



0.167 
0.285 



13 
OS 



15.06 
15.26 



0.204 
0.322 



15." 
15.06 

14.56 

14.82 

14.56 
15.26 
14.82 



15.26 
15.06 
15.06 
15.26 



15.21 
15." 



0.234 
0.181 

0.524 
0.232 

0.037 

0.393 
0.075 



31 

19 

03 

59 
02 

34 
II 



15.06 
14.82 
15.16 
14.82 
15.06 
14.04 
15.06 



0.300 

0.505 
0.254 

0.288 



29 
16 

41 
27 



0.347 
0.251 



3S 
35 



15.06 
14.40 
14.89 

15.37 



14.66 
15.11 



0.226 
0.092 
0.312 

0.547 
0.271 

0.018 

0.227 



0.330 

0.535 
0.202 

0.514 



0.041 
0.432 



II 



25 



08 
07 



13 
04 
16 

30 
21 

40 
13 



28 
28 

25 
39 



12 
27 
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T. D. 


No. 81. Per. o'.ssrss' 1 


No. 82. Per. 0^.5560x2 1 


No. 83. Per. o'.ssjjio 1 


No. 84. Per.3«<.5 | 


No. 85. Per. 0^.527046 1 


No. 86. Per. 0^.567901 1 


^ • A^v 


Mayi 


Phase 


Res. 


Magn. 


Phase 


Res. 


yuga. 


Phase 


Res. 




Phase 


Ret. 


Magn. 


Phase 


Res. 


Magn. 


Phase Res. 


5899.564 


15.73 


0.256 


29 


14.85 


0.272 


38 


15.42 


0.476 


21 


12.24 


24.1 


51 


15.04 


0.097 


21 


14.99 


0.539 38 


5901.555 


14.56 


0.018 


01 


• ■ • • 


• • • • 


* • 


15.42 


0.254 


15 


11.48 


26.1 


06 


14.71 


0.507 


14 


15.42 


0.258 18 


« .646 


14.89 


0.109 


04 


15.42 


0.130 


50 


15.42 


0.345 


26 


11.48 


26.1 


06 


14.89 


0.071 


22 


• • • • 


• • * • • • 


6633.655 


15.83 


0.341 


26 


• • • • 


• • • • 


• • 


• * • • 


• • • • 


• • 


12.73 


16.2 


15 


• • • • 


■ • • • 


• • 


• • • • 


• • * • • • 


6634.509 


14.76 


0.080 


00 


14.71 


0.169 


32 


15.22 


0.072 


22 


12.10 


17.0 


49 


15.83 


0.340 


24 


14.71 


0.052 II 


« .566 


14.99 


0.137 


09 


14.89 


0.226 


25 


15.42 


0.129 


14 


12.14 


17.I 


45 


15.42 


0.397 


18 


15-22 


0.109 37 


« .682 


15.42 


0.253 


02 


15.42 


0.342 


12 


15.42 


0.245 


12 


12.83 


17.2 


24 


• • • • 


• • ■ • 


• • 


• • • • 


• • • • • • 


7021.639 


15.73 


0.422 


09 


14.99 


0.315 


30 


15.42 


0.439 


30 


11.48 


6.6 


25 


14.66 


0.091 


14 


• • • • 


• • • • ■ ■ 


7023.629 


15.32 


0.182 


06 


14.89 


0.081 


09 


15-42 


0.215 


09 


12.14 


8.6 


22 


14.71 


0.500 


30 


• • • • 


• • • • • • 


« .678 


15-42 


0.231 


03 


14.37 


0.130 


5S 


15.32 


0.264 


26 


12.00 


8.7 


07 


14.32 


0.022 


19 


• • ■ • 


• • ■ • • • 


8157.55^ 


15.57 


0.498 


04 


14.99 


0.301 


30 


15.83 


0.412 


12 


11.38 


3.1 


21 


• • • • 


• • • • 


m m 


14.27 


0.558 16 


9533.816 


15.42 


0.146 


29 


15.83 


0.430 


S3 


14.99 


0.035 


27 


12.10 


1.3 


54 


15.83 


0.367 


23 


15.22 


0.224 03 


« .888 


15.57 


0.218 


22 


14.71 


0.502 


12 


15.42 


0.107 


22 


12.14 


1.4 


58 


15.83 


0.439 


24 


15.22 


0.296 08 


" .914 


15.47 


0.244 


04 


14.66 


0.528 


07 


15.42 


0.133 


13 


11.46 


14 


10 


15.17 


0.465 


34 


15.04 


0.322 29 


" .947 


15.42 


0.277 


06 


14.71 


0.005 


02 


15.42 


0.166 


02 


12.20 


1.4 


64 


15-37 


0.498 


33 


15.22 


0.35s 15 


9537.761 


15.42 


0.190 


14 


15.22 


0.483 


03 


15.04 


0.107 


^5 


12.04 


5.3 


38 


14.89 


0.095 


07 


14.99 


0.194 14 


« .786 


15.42 


0.215 


08 


14.79 


0.508 


01 


15.42 


0.132 


12 


12.04 


5.3 


38 


15-22 


0.120 


26 


14.99 


0.219 iS 


« .812 


15.42 


0.241 


00 


14.71 


0.534 


01 


15.42 


0.158 


04 


11.48 


5.3 


18 


15.22 


0.146 


14 


14.99 


0.245 H 


" .836 


15.42 


0.265 


05 


14.89 


0.002 


20 


15.42 


0.182 


01 


11.44 


5.3 


22 


15.22 


0.170 


01 


15.32 


0.269 05 


" .874 


15.42 


0.303 


10 


14.99 


0.040 


27 


15.42 


0.220 


09 


11.48 


5.4 


19 


1542 


0.208 


08 


15.42 


0.307 10 


" .899 


15.83 


0.328 


28 


14.99 


0.065 


23 


15.57 


0.245 


02 


11.48 


5.4 


19 


1573 


0.233 


31 


15.42 


0.332 08 


" .924 


15.73 


0.353 


15 


15.22 


0.090 


40 


15.73 


0.270 


14 


12.00 


5.4 


33 


15.73 


0.258 


25 


15.83 


0.357 46 


" -950 


15.73 


0.379 


12 


15.27 


O.I16 


39 


15.73 


0.296 


II 


11.48 


5.5 


19 


15-73 


0.284 


20 


15.73 


0.383 34 


J.D. 


No. 87. Per. 0^.738373 


No. 88. Per. 0^.403741 


No. 89. Per. 0^.558430 


No. 90. Per. 0^.557151 


No. 01. Per. 0^.585855 


No. 92. Per. not det'd. 1 


Magn. 


Phase 


Res. 




Phase 


Ret. 


Magn. 


Phase 


Res. 




Phase 


Re 


Magn. 


Phase 


Res. 


Mffp^- 


Phase Res. 


"45.794 


• • • • 


• ■ • ■ 


• • 


.... 


• • • • 


- 


• • • • 


• • • • 




■ • • • 


■ • • • 




• • • • 


• • • • 


• • 


.... 




1 148.796 


14.94 


0.051 


II 


.... 


• • • • 




• • • • 


• • • • 




• ■ • • 


. . . . , 




14.56 


0.126 


46 


.... 




"55.796 


14.9 


0.406 


• • 


14.9 


0.105 




• • • • 


• • • ■ 




• • • • 


.... 




14.8 


0.096 


■ • 


.... 




1 161.809 


I5.I 


0.512 


• • 


15.1 


0.193 




15.3 


0.159 




■ • • • 


• • . . 




• • • • 


• • • • 


• • 


.... 




1174.794 


14.9 


0.206 


• • 


• • • • 


• • • • 




• • • • 


• • • • 




• • • • 


. . .' . 




14.9 


0.346 


• • 


.... 




1178.785 


15.1 


0.505 


• • 


15.0 


0.382 




• • • ■ 


•• • • • 




15,0 


0.385 




14.66 


0.236 


70 


.... 




II99.7OI 


14.66 


0.008 


13 


14.56 


0.067 


56 


14.94 


0.078 


15 


14.56 


0.129 


44 


153 


0.062 


• • 


.... 




3346.540 


15.42 


0.397 


21 


• • • ■ 


• • • • 


• ■ 


15.42 


0.312 


iS 


15.42 


0.265 


03 


• • • • 


• • • • 


• • 


.... 





3366.544 


15.21 


0.465 


05 


15.21 


0.374 


13 


15.47 


0.212 


10 


15.21 


0.212 


09 


15.47 


0.413 


02 


.... 




3369.698 


14.66 


0.666 


38 


14.71 


0.072 


44 


14.66 


0.016 


09 


• • • • 


• ■ • • 


• ■ 


14.89 


0.052 


23 


.... 




3370.528 


14.84 


0.019 


04 


15.27 


0.408 


to 


15.78 


0.287 


21 


15.16 


0.296 


26 


15.21 


0.296 


23 


14-56 




3371.529 


14.99 


0.281 


II 


15." 


0.422 


23 


15.21 


O.I7I 


00 


15.16 


0.183 


06 


14.89 


0.125 


13 


• ■ ■ • 




3374.502 


15.05 


0.301 


07 


15.16 


0.433 


16 


15.52 


0.352 


12 


15.37 


0.370 


09 


15.37 


0.169 


19 


• • ■ • 




" .538 


14.99 


0.337 


16 


15.16 


0.469 


12 


15.3 


0.388 


m • 


15.16 


0.406 


31 


14.99 


0.205 


29 


• • • • 




3376.502 


14.89 


0.086 


01 


14.89 


0.458 


25 


15.16 


O.II9 


18 


15.37 


O.141 


31 


15.52 


0.41 1 


03 


13.83 




" .543 


14.89 


0.127 


04 


14.99 


0.005 


09 


15.37 


0.160 


21 


15.42 


0.182 


21 


15.83 


0.452 


35 


14.27 




" .584 


15.21 


0.168 


23 


15.21 


0.046 


21 


15.47 


0.201 


14 


15.47 


0.223 


14 


15.II 


0.493 


26 


• • • • 




« .677 


• • • ■ 


■ • « « 


• • 


• • • • 


• • • • 


• • 


• • • • 


• • • • 


• • 


• • • • 


• • • • 


• • 


• • • • 


• • • • 


• • 


• ■ ■ • 




3377.578 


15.16 


0.423 


07 


14.99 


0.052 


04 


14.99 


0.078 


20 


15.16 


0.103 


30 


15.61 


0.316 


15 


• • • • 




3378.579 


14.99 


0.686 


03 


15-05 


0.066 


07 


14.94 


0.520 


II 


14.27 


0.547 


03 


15.47 


0.145 


37 


• • • ■ 




3380.500 


14.99 


0.392 


21 


14.99 


0.012 


09 


15.83 


0.208 


48 


15.47 


0.239 


13 


15.83 


0.308 


39 


• • ■ ■ 




« .602 


• • ■ • 


• • • • 


m • 


15.37 


O.II4 


03 


• • • • 


• • • • 


• • 


■ • • • 


• • • • 


• « 


• • • • 


■ • • • 


• • 


• • • • 




3390.604 


15.05 


0.159 


08 14.94 


0.241 


04 


15.16 


0.260 


36 


• • • • 


• • • • 


• ■ 


15.16 


0.453 


32 







ISO 



ANNALS OF HAKVAKD COLLEGE OBSERVATORY 



J.D. 


No. 87. Per. 0^.738373 


No. 88. Per. 0^.493741 


No. 89. Per. 0^.5S343o 


No. 90. Per. 0^.557x3 


;i Na 91. Per. 0^.585855 


No. 9a. Per. not det'd. 




Macn. 


Phase 


Res. 


Magn. 


Phaae 


Re*. 


Magn. 


Phaae 


Rea. 


Ma«n. Phaae Ri 


BS. Magn. 


Phaae 


Re*. 


Magn. Phase Res. 


3408.568 

3409.544 

« .623 

3411.603 

3412.560 

3413.569 
3414.620 

3415-489 

" .531 

** .572 

« .614 

3419-548 

3422.494 

"" -591 
3423.506 
3666.649 
3673.681 

3693-638 

3694-577 

« -615 

3695-519 
" .561 
« .602 

« .644 
3698.504 

3699-499 
" -542 

« .584 

3713-513 
« .680 

3717.517 
« .692 

« .817 

3724.535 
« .676 

3748-572 

3775.556 
3960.869 

4014-745 

4037.635 

" .663 

4041.675 

4052.600 

4058.548 
« .662 
« .780 

" .854 
4066.635 

4067.636 

4069.560 


15.42 
14-99 

14.99 
15-42 

15.05 
14.99 

• • • • 

14.89 

14.79 
14.89 

14.76 

15.16 

15.05 
15.16 

15.21 
14.94 
15-32 
15.16 
15.16 
14.89 
15.16 
I5.II 
I5.II 
15.II 
15.16 

14.99 
15.16 

15.37 
15." 
15.05 
14.71 
14.94 

• • • • 

15.01 
15.16 
14.89 

15.21 
15.22 

15.16 
14.99 

• • • • 

14.76 
15.06 
15.06 
14.82 

14.94 
15.06 
15.16 

14-99 
15.26 


0.402 
0.639 
0.718 
0.483 
0.702 
0.234 

■ • • • 

0,677 
0.719 
0.022 
0.064 
0.306 
0.299 

0.396 

0.572 
0.052 

0.439 
0.460 

0.660 

0.698 

0.126 

0.168 

0.209 

0.251 

0.157 

0.414 

0.457 

0.499 

0.399 
0.566 

O.7II 

0.148 

• • • • 

0.345 
0.486 

0.016 

0.418 

0.400 

0.375 
0.375 

• • • • 

0.723 

0-573 
0.614 

0.728 

0.107 

0.1 81 

0.578 

0.103 

o-SSo 


20 

15 
16 

15 
16 

05 

• • 

10 
04 
08 
08 
04 

07 
04 

06 

II 

08 

10 

10 

02 

23 

13 
08 

04 

20 

09 
09 

10 

"3 

15 

02 

• ■ 

10 

09 

02 
02 
02 
20 

• • 

05 
21 

02 

03 

05 
II 

09 
02 


15-78 

15-47 
15-42 
14.99 

15-47 
14.99 

■ • • • 

15.37 
14.89 

14.89 

15.21 

14.94 
14.66 

14.89 

14.89 

.... 

15-83 
15.21 

• • • • 

I5.II 

• • • • 

15-47 
15-78 
15-78 

• * • • 

• ■ • • 

15-47 
iS-78 
14.66 

14-99 

• • • • 

• • • • 

• • • • 

15.37 

14-99 
14.76 
14.94 
14-89 

• • • • 

14-71 

• • • • 

15.22 
15.21 
15.26 

14.71 
15.16 

15.06 

15." 
15.06 
14-82 


0.430 
0.419 

0.004 

0.009 

0.472 

0.000 

• • • ■ 

0.439 
0.481 

0.028 

0.070 

0.054 

0.038 

0-135 
0.062 

■ • • • 

0.404 
O.I18 

• • • • 

0.108 

• • • • 

0.066 
0.107 
0.149 

• • • • 

• • • • 

0.097 
0.139 

0.243 
0.410 

• • • • 

• • • • 

• • • ■ 

0.403 
0.050 
0.247 

0.075 
0.235 

• • • • 

0.471 

• • • • 

0.068 
0.130 

0-153 
0.267 

0-385 

0-459 
0.341 

0.354 
0303 
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46 

09 
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07 
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48 
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13 
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22 
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46 

39 
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40 
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38 

• • 

• • 

01 
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13 
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03 

• • 

30 
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10 
16 

12 
16 
21 
07 
10 
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13 


• • • • 

1547 

15-73 
14.89 

15-83 
16.15 

• • • • 

14.66 

15.21 
15.16 

15.21 
15.21 

15.16 

• • • • 

15.21 

• • ■ • 

• • • • 

14.22 

• • • • 

• • • • 

• • • • 

• • • • 

• • • • 

15-37 

• • ■ • 

• • • • 
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■ • ■ • 

• • • • 

■ ■ • • 

• • • • 

• • • • 

• • • • 

15-37 
15-73 

• • • • 

15.64 

• • • • 

14-99 

14.71 

14.71 
15.22 

14.82 

15.47 
15.58 
14.40 

14-82 
14.66 

15.58 
14.82 


• 

0. 
0, 
0. 
0. 
0. 

0. 
0. 
0, 
0. 
0. 
0. 

0, 
0. 

0. 
0. 

0, 
0, 

0. 

0. 
0. 
0. 
0. 
0, 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


• ■ • 

213 
292 

039 

437 
329 

• • • 

016 
058 

099 
141 
166 

319 

• • • 

214 

• ■ • 

• • • 

066 

• • • 

• • • 

• • ■ 

• • • 

• ■ • 

397 

• • • 

• « ■ 

.386 

• • • 

• • • 

• • • 

• • • 

• • ■ 

• • • 

.250 
391 

• • • 

454 

• • • 

076 
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098 
201 

516 
322 

436 
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069 

032 

475 
165 


• • 

13 
16 

25 

13 
52 

• • 

09 
50 
27 
13 
03 

45 

• • 

17 
51 

31 
16 

12 
06 

■ • 

05 

• • 

21 
04 

17 
II 

13 
IS 

12 

13 
08 

04 
06 

36 


• • • • 

15.47 
15.78 

15.47 
14-27 
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• • • m 
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• ■ • • 
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14-99 

• • • • 

• • • • 

• • • • 
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15.16 

14-17 
15.21 

• • • • 

• • • • 

• • • • 

• • • • 

• • • • 

15.42 
15.58 
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15.26 
14.40 

14.04 
15.26 
14.61 


• 
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0. 
0. 
0, 
0. 

• 

0, 
0, 
0, 

• 

0. 
0. 
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0, 

0. 

0. 
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0. 
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0. 
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096 3 
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234 2 
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4 1547 

2 15.47 

I 15.78 

3 15.73 

. 14.99 
. 15.16 

15.37 

7 15.21 
9 15.21 
. 15.42 
. 14.94 

5 14.94 

.... 

6 14.66 

• • • • • 

• 1578 

• 14-56 

• • • • • 

• • • • • 

• • • • • 

• 15.16 

• 15.47 

• 15.42 

• • • • • 

• • • • • 

7 14.94 

• 14.99 

• ■ • • • 

. 14-89 

• • • • • 

• • • • • 

• • • • • 

2 15.42 
5 14-66 
J .... 

9 14.56 

5 15.42 
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3 14.82 
7 15.06 
9 15.06 
2 15.11 

1 14.94 

5 15.16 
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O.I 
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O.I 

0.5 
0.^ 

O.I 

O.I 

0.2 
0.2 

O.I 
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• • 
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o-S 
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^0 
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46 
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^49 

46 
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■ • 
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■ • 
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.14 

• * 

• • 

• • 

79 
120 
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• • 

• • 

>S9 
01 

• • 

37 

• • 

• • 
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• • 

t98 

t33 
22 

'50 
68 

42 

■07 
36 
03 


S 

79 
40 

30 
62 

36 

33 
26 

02 

12 

02 

04 
07 

• • 

II 

• • 

112 

05 

• • 
m • 

• • 

05 
IS 
03 

• • 

• • 

26 
II 

• • 

18 

• • 

• • 

• • 

07 
06 

• • 

80 
07 

52 

16 
12 

30 

38 
40 

33 


*••• ••»■ •• 

• ••• •••• •• 

• ••• ■••• •• 

• ••• •••• •• 

14.27 

14.51 

14.89 

14.40 

15.26 

■ ••• •••• «« 

• ••• ••■• «9 

• ••• •••• •• 

15.16 

15.26 
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J.D. 



No. 87. Per. 0^.738373 



Magn. 



Phue 



Res. 



4069.79s 
4070.655 

4071.538 

.747 
4072.538 

745 
4073.553 

.758 
4074.561 

4085.663 

4086.608 

4092.573 
4093-532 
.762 

4133-607 

4147-519 
4437.629 

4795-632 
4846.568 
4860.582 

4876.513 
4886.535 

5560.608 

5562.605 

5563-594 

5579-551 
5581.558 
5899.564 

5901.555 
.646 

6633-655 
6634.509 

.566 

.682 

7021.639 

7023.629 

" .678 

8157.558 

9533-816 

" .888 

** .914 

" .947 
9537-761 
« .786 
« .812 
« .836 

.874 
.899 

.924 
•950 



u 
a 
a 



4.82 

4.99 
5.06 

5.26 

5.26 

4.71 

4.89 

5." 
5.16 
5.26 
5.26 
5.06 

4.94 
5.26 

5-21 

5-42 

4.89 
4.66 

4.71 
4.99 

5-21 

4.99 
4.89 

5-37 

4.99 

5-37 
5-i6 

4.99 
5-12 

4-89 
5-32 
5.22 

5-22 
5-32 
5.04 
5-12 
5-22 

4.89 
4.89 
4.99 

4.99 
5-12 
5.22 

5-22 
5-22 
5.22 

5-32 
5-42 

5-42 
5-37 



0.047 
0.168 

0.313 
0.522 

0.574 
0.043 

0.113 
0.318 
0.382 
0.409 
0.615 
0.673 
0.156 
0.386 

0.359 
0.241 

0.171 

0.063 

0.051 

0.036 

0.461 

0.146 

0.085 

0.605 

0.117 

0.568 

0.360 

0.127 

0.642 

0.733 
0.276 

0.391 

0.448 

0.564 
0.614 

0.389 

0.438 

0.177 
0.107 

0.179 

0.205 

0.238 

0.361 

0.386 

0.412 

0.436 
0.474 
0.499 
0.524 

0.550 






OJ 

01 

07 
02 

01 

II 

03 
02 

04 

04 
06 

05 
02 

06 

04 
36 
10 
18 
12 

17 
04 

04 
01 

14 

07 

09 
01 

06 

01 

09 

23 

02 

02 
04 

17 
oS 

01 

10 

02 

01 

04 

07 

05 
02 

00 

01 

05 
14 

13 
09 



No. 88. Per. 0^.493741 



Magn. 



4.61 
5.06 
4.82 

4.56 



4.61 
5.06 
4.71 

5." 
5.06 



5-06 
4.99 



5.II 
4.99 

5-" 



5-37 
5.47 
4.99 



5-" 
5.16 
4.89 
5.21 



4.94 
5-04 
5-73 



4.99 

5-42 

4.99 
4.89 

4.99 

5-42 

5-42 

5-42 

5.83 
5-27 
5-42 
4.99 

5-32 
5-42 
5-42 

5-73 
5-42 

4.99 
4.89 



Phase 



0.044 
0.41 1 
0.306 
0.021 



0.032 

0.346 
0.058 
0.367 
O.II3 



O.IIO 
0.082 



0.164 
0.251 
0.041 



0.163 

0.352 
0.483 



0.253 

0.275 
0.277 

0.434 

• • • • 

0.009 
0.025 
O.II6 



0.268 

0.325 
0.441 

0.305 
0.320 

0.369 

0.126 

0.328 

0.400 

0.426 

0.459 
0.323 
0.348 

0.374 
0.398 

0.436 

0.461 

0.486 

0.018 



Res. 



3S 

34 



32 
17 

34 
22 

27 



27 
23 



25 
II 

14 



01 
20 
02 



23 

29 

02 

10 

• • 

04 
13 
39 



13 

34 

29 
oS 

05 
09 
05 
32 

45 
07 

28 

08 

09 
08 

04 

43 
32 
02 

01 



No. 89. Per. 0^.558430 



Magn. 



5.26 

4.99 

5.37 
4.82 



4.40 
5.21 

5-58 

4.99 
4.89 



5-58 
4.89 



4.56 

5-47 
5.78 



5-61 

5-83 
5-42 



5-83 
5.26 

5-47 
5-42 

5-73 
4.51 



5-42 
5-42 



5.83 
4.89 
5.42 

5-73 
5-32 
5-42 

5-37 
5-42 
5.22 

5-42 
5-42 
5-42 

5-83 
5-73 
5-83 
5-83 



Phase 



Res. 



0.400 

0.143 
0.468 

O.I18 



0.558 
0.249 

0.454 
0.140 

0.074 



0.282 
0.124 



0.551 
0.502 

0.229 



0.397 
0.450 
0.187 



0.399 
O.161 

0.493 
0.194 

0.510 

0.042 



0.245 
0.302 



0.383 
0.139 

0.188 

0.455 
0.183 

0.255 
0.281 

0.314 
0.219 

0.244 

0.270 

0.294 

0.332 

0.357 
0.382 

6.408 



43 
10 

32 

15 



13 

27 
12 

08 

12 



02 
12 



04 
12 

35 



07 

13 
14 



15 

09 

03 
II 

61 
^4 



06 
17 



16 

17 
14 

03 
06 

08 

19 

19 

17 
06 

II 

16 

20 

08 

16 

13 



No. 90. Per. 0^.557151 



Magn. 



15.58 
14.66 

15.06 
14.61 



14.04 
15-06 
15-42 
14.66 
14.82 



14.82 



14.99 
14.99 



15.78 
14.66 

15-47 



14.61 



14.66 
15-42 
15-42 
14.99 



14.27 
14.17 



14.89 



15-42 

15.83 
15.83 

■ • • • 

14.61 

15-83 

15.83 

15-73 
14.76 

14.66 

14.71 

14.71 
14.89 



Phase 



Res. 



0.338 
0.084 

0.410 

0.062 



0.503 
0.196 

0.401 

0.090 

0.049 



O.I18 



0.061 
0.453 



0.443 
0.528 

0.302 



0.541 



0.551 
0.424 

0.186 

0.277 



0.486 
0.543 



0.158 



0.285 
0.380 
0.452 

• • • • 

O.51I 

0.425 
0.450 

0.476 

0.500 

0.538 
0.005 

0.030 

0.056 



14 

07 

41 
04 



47 

19 

05 
II 

Z3 



II 



42 
43 



33 
32 
04 



31 



36 
04 
20 

41 



47 
13 



23 



01 

37 
41 

• • 

17 

40 

63 

22 

35 
40 

30 

37 



No. 91. Per. 0^.585855 



Magn. 



Phase 



Res. 



14.40 
15.06 
14.40 
15.06 



14.56 
15.06 

15.42 
14.66 
14.66 



14.66 
15.06 



14.61 
16.20 

15.47 



14.66 

• • • ■ 

14.61 



14.99 

1557 
14.71 

15.83 



15.42 



0.052 
0.326 
0.037 
0.246 



0.073 

0.295 
0.500 

0.13 1 
0.102 



0.567 
0.355 



0.006 

0.443 
0.555 



0.567 

• ■ • • 

0.048 



0.103 
0.507 
0.060 
0.309 



0.487 



26 

41 
23 
30 



No. 9a. Per. not det'd. 



M'^JW, 



17 

37 
08 

39 
23 



03 
42 



01 

71 

77 



03 

• • 

03 



10 

27 
03 

39 



00 



14.40 
14.40 
15.06 



Phase 



15.26 

• • • • 

15.06 



15.26 
15.26 



14.12 
13.88 
14.12 
14.56 
14.56 
14.61 
14.17 
14.56 

14.51 

14.51 
14.27 

14.27 

14.27 



14.07 



14.27 
14.27 



Res. 



• • • • 



• • • • 



152 



ANNALS OF HARVARD COLLEGE OBSERVATORY 



Remeasurements of the variables in Messier 5 were made only when the residuals 
from the smooth curve were 0.6 magn., or greater. It was foimd in the case of the 
variables in co Centauri and Messier 3, that the remeasurements led to few essential 
modifications of the results previously obtained. To avoid the great labor of making 
many remeasiu*es, therefore, the limit for the present discussion was placed at 0.6 
magn., considerably larger than in the preceding clusters. The early X plates, made 
in 1889, were not remeasured in any case, since they were not in the stacks when 
the second measiu*es were made. The results are contained in Table XXIV in the 
same form as those given for Messier 3 in Table XI of Part I. The first column 
gives the number of the variable, and the second coliunn, the Julian date of the 
observation. The third coliunn contains the magnitude of the variable as determined 
by the second measure. The fourth coliunn gives the residual from the smooth 
curve, derived from the original measures found in Table XXIEE, and repeated here 
for convenience, and the fifth column, the corresponding residual derived from the 
second measure. The sixth column contains the diflFerence between the two magni- 
tudes thus obtained. It should be equal to the difference between the corresponding 
residuals in the fourth and fifth columns, except for the accidental errors in reading 
the curves. When this difference amounts to 0.6 magn., or more, a third examina- 
tion has been made and the result is given in the seventh column. The letter D 
indicates that the measurement presents such great difficulty that the result is very 
doubtful. I implies that the original measure, and 2, that the second measure, was 
more nearly correct. Many of the large residuals appear to be due to difficulties in 
the measurement of images which are poor and closely crowded, or to some form of 
photographic defect. The second measures were all made by Miss I. E. Woods. 

TABLE XXIV 



REMEASUREMENTS OF THE VARIABLES 



No. 


J.D. 




Res. 


Ra. 


DifiF. 


R. 


No. 


J.D. 


Magn. 


Res. 


Res. 


Diff. 


R. 


2 


3694.577 


• • 


98 


• • 


• • 


D 


5 


d. 
4086.608 


14.92 


76 


62 


14 






ti 


3695.644 


16.22 


85 


124 


39 


• • 


a 


4147-519 


16.12 


65 


57 


08 






ti 


9533-816 


14.20 


64 


110 


46 


• • 


u 


4860.582 


16.18 


63 


61 


02 






4 


4860.582 


IS -88 


61 


76 


15 


• • 


a 


9537.874 


16.22 


92 


63 


29 






S 


3369.698 


15-36 


70 


23 


47 


• • 


a 


« .899 


16.08 


70 


58 


12 






a 


3408.568 


15.88 


97 


148 


51 


I 


u 


" .924 


16.42 


68 


127 


59 


I 


a 


3717-517 


15.16 


7S 


16 


94 


2 


6 


3717.517 


14.72 


61 


j6 


45 


■ • 


a 


" .692 


• • 


66 


• • 


m • 


D 


a 


5562.605 


14.96 


95 


24 


119 


I 
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No. 


J.D. 


Magn. 


Res. 


Re>. 


DiS. 


R. 


Mo. 


J.D. 


Magn. 


Rm. 


Re 


Diff. 


R. 


7 


3698.504 


14.72 


64 


47 


17 


• • 


37 


d. 
3666.649 


■ ■ 


114 


• • 


• • 


D 


« 


3717-517 


15-16 


65 


43 


22 


• • 


U 


3724-535 


16.3 


98 


■ ■ 


a • 


D2 


9 


3695-519 


15.88 


60 


38 


22 


• • 


a 


4037.63s 


15-60 


75 


14 


61 


2 


« 


4133.607 


15.46 


92 


03 


95 


2 


« 


6634.509 


15.20 


63 


42 


21 




12 


3775-556 


14.72 


106 


21 


85 


2 


u 


7021.639 


15-30 


64 


33 


31 




13 


3693.638 


14.34 


<5i 


69 


08 


• • 


41 


3419-548 


16.30 


76 


64 


12 




14 


4860.582 


14.72 


67 


51 


16 


■ • 


42 


3377-578 


12.68 


60 


45 


15 




i6 


4073-553 


15.16 


64 


14 


50 


2 


a 


3380.500 


12.88 


63 


68 


05 




i8 


4795-632 


14.72 


62 


56 


06 


• • 


a 


3415-489 


11.26 


66 


12 


78 


2 


« 


4846.568 


15.78 


71 


102 


31 


• • 


43 


3694.615 


16.08 


67 


82 


15 


• • 


« 


4886.535 


• • 


64 


• • 


• • 


D 


45 


3666.649 


• • 


63 


• • 


• • 


D 


« 


5562.605 


15-16 


60 


02 


62 


2 


a 


3717.817 


• • 


61 


m • 


• • 


D 


« 


5579-551 


14.28 


U4 


118 


04 


• • 


47 


3699-542 


16.08 


60 


58 


02 


• • 


20 


4014.745 


14.62 


65 


II 


54 


2 


50 


3390.604 


13-82 


64 


29 


35 


• ■ 


24 


3695.602 


16.12 


66 


63 


03 


• • 


u 


3408.568 


13.08 


69 


04 


65 


2 


« 


** .644 


15.48 


65 


02 


67 


2 


u 


4014.745 


• • 


72 


• • 


• • 


D 


« 


3717-517 


14.96 


119 


40 


79 


2 


56 


3695-519 


14.70 


71 


35 


36 




a 


5563-594 


16.22 


75 


82 


07 


• ■ 


58 


3380.602 


14.96 


68 


70 


02 




26 


3415-614 


15-16 


60 


03 


57 


2 


u 


3415-614 


15-16 


60 


03 


57 


2 


a 


3717.817 


• • 


74 


• • 


* ■ 


D 


65 


3415-614 


15-16 


97 


56 


41 




27 


3346.540 


15.48 


"5 


100 


25 


• • 


u 


3713-513 


15-16 


60 


33 


27 




U 


3376.677 


• • 


65 


• • 


• • 


D 


a 


4085.663 


14.60 


70 


04 


66 


I 


U 


3409.544 


15.46 


88 


56 


32 


• • 


u 


9537-836 


14.30 


60 


62 


02 




U 


3411.603 


14.96 


70 


07 
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CHAPTER VII 



THE ELEMENTS OF THE VARIABLES 



Measures have been made of 92 stars in Messier 5 on 123 photographs. The 
periods of 72 of these are given in the following Table of Elements. Three of these 
variables, Nos. 42, 50, and 84, have periods of from 25 to 106 days and probably 
belong to a different class from the ordinary variables of short period found in 
globular clusters. They are much brighter than the other variables in this cluster 
and may not be real members of it, athough the presence of 3 variables in so 
small an area, less than one hundredth of a square degree, is unusual except in 
clusters. Of the remaining 20 stars, whose periods have not been found, the varia- 
bility of 8 is doubtful, and special difficulties prevented the determination of the 
periods of the other 12 variables. The results obtained for Messier 5 appeared to 
present greater peculiarities and discordances than were present in o) Centauri and 
Messier 3. It was thought at first that this might be due to the fact that the 
measurements of these stars were among the earliest made, but fiuther investigation 
appears to show that the result is due, in part at least, to the peculiarities of the 
variables themselves. Especially is this true of the variables having double maxima, 
of which 8 have been foimd in this cluster, Nos. 31, 35, 44, 62, 66, 79, 80, and 88. 
At first, no periods were found for these stars, since no period of the usual length 
of about half a day, with a single maximum and minimimi, would satisfy the obser- 
vations. It was later foxmd, however, that periods of about one fourth of a day 
would lead to accordant results. The mean period of all the stars in the Table of 
Elements, excluding the three stars of long period, is o''.547. The mean period, 
between successive maxima, of the eight stars referred to above is o''.27i. Aside 
from these eight stars, the shortest period found in this cluster is that of No. 4, 
o''.45o. Since, therefore, the mean period of 61 stars is a little over half a day, and 
of 8 stars, a Uttle over a quarter of a day, with no connecting links between them, 
the conclusion seems natural that some direct relation must exist between the two 
periods. One explanation would be that each star, having a period of half the usual 
length, is a double variable formed of two components with alternating maxima. The 
real period of each component in this case would be twice as long as the apparent 
period. The results in Table XXV are given on this hypothesis. Attention may be 
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called to the fact, however, that if such a double variable were formed by the union 
of two variable stars of the ordinary brightness foimd in this cluster, the resulting 
star would be about 0.75 magn. brighter than either, unless the light of one were 
obsciured by the other. The mean magnitude, however, of the 61 ordinary cluster 
variables, formed by taking the mean of the maximum and minimum brightness, is 
14.95, o^ the 8 variables having double maxima, 14.98, or sensibly of the same 
brightness. Also, if composed of the same mass as a single star, a double star 
should be somewhat brighter, provided the surfaces were of equal luminosity. So 
many complications, however, might arise to modify the results, that no attempt is 
here made to do more than to state the facts in convenient form. The simple 
period between successive retiuns of maximum of these 8 stars can be found by 
dividing by two the periods given in the table. 

Three periods found in Messier 5 are longer than a day: — No. 42, 2$^.'j4; No. 
50, lob**.©; and No. 84, 2&^.s. Of the other 69 variables, whose periods have been 
determined, 2 have a period of o''.45, expressed to the nearest hundredth, 3 of o''.46, 
4 of o''.47, 2 of o''.48, 8 of ©''.49, 8 of ©''.so, 2 of ©''.si, i of o''.52, 4 of 0^.53, 4 of 
0^.54, 4 of o^.ss, 7 of 0^.56, 3 of o^'.s;, o of o^'.sS, 3 of o''.59, 3 of 0^.60, i of o^'.ai, 
3 of o''.62, o of o''.63 and o''.64, i of o''.65, i of o^'.bb, o of o''.67 and o''.68, i of o''.69, 
and 2 of 0^.70. Two longer periods were found, i of ©''.74 and i of ©''.85. In the 
above coimt, the double period has been used for stars of double maximiun. With 
the single oscillation as the period, we should have i of period ©''.23, 4 of ©''.25, i of 
©''.28, I of ©''.31, and I of ©''.35. These results are shown graphically in Fig. 7, 
Plate I, in which the first grouping is represented by closed dots. The positions, 
which the half periods of the stars of double maximum would have, are represented 
by crosses, the positions of these 8 stars when the periods are doubled, as they are 
used in the Table of Elements, by circles. 

Irregularities in the form of the light curves may possibly be present, as well as 
secular variations in the length of the periods. These, however, have not been con- 
sidered in Table XXV, in which the first colunm gives the number of the variable 
in the order of discovery. For each of the 8 variables having a double maximum, 
two lines are given on the assiunption explained above that the star is composed of 
two^ variable components, having the same period and alternating maxima. These 
components are referred to as a and b. In no case is this duplicity apparent on 
the photograph. The positions of both, therefore, are the same. The second and 
third columns contain the rectangular coordinates, expressed in seconds of arc, and 
tenths, from the centre of the cluster as an origin. The fourth colmim gives the 
approximate distance from the centre in minutes of arc, and tenths. The fifth, sixth, 
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and seventh columns give the magnitudes at maximimi and minimum, and the range. 
The two halves of the curves of the 8 stars having double maxima, as derived 
from the observations, though always similar, do not appear to be precisely equal. 
Whether the differences are due to the actual light changes, or to errors of meas- 
urement is in doubt. For the maximum and minimum values of the magnitude, 
the extreme values derived from the whole curve are given, and for the rates of 
increase and decrease mean values derived from both halves are given. The epoch 
of 6 is assumed to follow that of a by one-half the whole period of the star. 
Omitting the three variables of relatively long period, the mean magnitude of maxi- 
mum is 14.43, the various values extending from 14.10 to 14.87, of minimum, 15.48, 
from 15.15 to 15.80, and of the range, 1.05, from 0.49 to 1.66 magn. The uni- 
formity of these results is somewhat striking. The range of variation and hence the 
rate of change, given for Messier 5 in Table XXV, are considerably less than 
those found for the variables in Messier 3. This is probably due in part to the 
scale of magnitudes of the comparison stars used in Messier 3. More recent meas- 
ures indicate that the scale for the fainter stars of the sequence was too open, 
and a new determination will probably be published later. The real range of varia- 
tion of the variables in Messier 3, however, appears to be greater than that in 
either o) Centatiri or Messier 5. The eighth, ninth, tenth, and eleventh colxunns 
give the diuration of maximum, minimum, increase, and decrease. These values 
do not exactly correspond with those given under similar headings in H.A. 38, page 
136, and on page 61 of this volume. In most cases, there appears to be no real 
diuration of maximum or minimum, since the light is constantly changing. The 
changes are generally slow, however, near maximum and preceding minimimi. The 
quantities given under the headings Max. and Min. in the eighth and ninth colxunns 
of Table XXV are for the time during which the light, as derived from the curves 
given on page 165, is within one-tenth of a magnitude of maximum and miniTTiiim 
The remaining time is divided between the increase and decrease, given in the tenth 
and eleventh colmnns. It is evident that the relative values of such readings will 
be affected by the range of variation and the form of the light curve. The twelfth 
and thirteenth colxunns give the maximum rate of increase and decrease in magni- 
tudes an hoxir, derived graphically from tangents drawn to the light cxurves. They 
are expressed in magnitudes and tenths, and their value is only approximate. 
The greatest rate of increase appears to be about two and a half magnitudes an 
horn:. The epoch is given in the fourteenth colxmm and is the Jxilian date of the 
first computed maximum after Greenwich mean noon, Janxiary i, 1900. The fifteenth 
colximn gives the period in days and decimals of a day, and the sixteenth colxmm, 



OBSERVATIONS OF THE VARIABLES IN MESSIER S 



157 



the period expressed in days, hours, mmutes, and seconds. The mean period of all 
the variables in Messier 5 less than one day, is ©''.546582, or 13* ^^ 4/7. The mean 
period of all those found in Messier 3 is ©''.54124, or 12* 59*" 23*, a diflFerence of 
only about 8**. In co Centauri, periods less than 24* were determined for 90 variables, 
the mean of which is ©''.54859, or 13* 9"* 58*. These results are remarkably alike. 
In Messier 5, the whole period of the eight stars having double maxima is given, 
while m co Centauri, all short periods were regarded as smgle. The number of 
retxuns of maximum between the first and last observations of Table XXIII is given 
in the seventeenth colimm. This number has been reckoned only between the 
extreme dates on which a precise determination of magnitude was possible. In 
many cases no such measurements were obtained on the early X plates made in 
1889, since they do not show the variables when at minimum. The number of 
periods in such cases is considerably less. The interval covered by all the photo- 
graphs is from 1889 to 191 2. The average deviations of the observations from the 
smooth curve are given in the last coliman. 
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ELEMENTS OF THE VARIABLES 
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47 


- 75.4 


+ 58.2 


1.6 


14.28 


15-78 


1.50 


7 


23 


10 


60 


I.I 


0.2 


5021.050 


0.539725 


12 


57 


12.2 


15530 


18 


48 


- 62.8 


+ 106.4 


2.1 


• • 


• • 


• • 


• • 


• • 


• • 


• • 


■ • 


• • 


• • • ■ 


• • • • 


• • 


• • 


• • 


• • 


• • 


49 


+ 53'-^ 


+177.4 


3.1 


• • 


• • 


• • 


• • 


• • 


• • 


• • 


• • 


• • 


• • • • 


• • * • 


• • 


• • 


• • 


• • 


• • 


50 


+ 3^'S 


+109.5 


1.9 


13.00 


14.20 


1.20 


i6 


25 


15 


44 


• * 


• • 


51OI.O 


106.0 


R 


• ■ 


• • 


79 


18 


SI 


— 0.1 


+136.2 


2.3 


• • 


• • 


■ ■ 


• • 


• • 


• • 


• • 


• • 


• • 


• ■ • • 


• • • • 


• • 


• • 


• • 


• • 


• • 


52 


+ 108.7 


+ 35-0 


1.9 


14.25 


15.40 


115 


12 


41 


6 


41 


1-5 


0.2 


5021.216 


0.501790 


12 


2 


34.7 


16593 


14 


53 


+ 68.8 


•+ 19-2 


1.2 


• • 


• • 


• • 


■ • 


• • 


• • 


• • 


• • 


• • 


• • • ■ 


• • « • 


• • 


• • 


• • 


• • 


• • 


54 


+ 27.1 


+ 56.8 


1.0 


• • 


• • 


• • 


• • 


• • 


• • 


• • 


• • 


• • 


• ■ ■ • 


• • • • 


• • 


• • 


• • 


• ■ 


■ • 


55 


+ 80.3 


-163. 1 


3.0 


14.7s 


15-25 


0.50 


15 


52 


9 


24 


0.4 


O.I 


5021.106 


0.490737 


II 


46 


39-7 


17095 


14 


56 


- 68.8 


>+ 96.9 


2.0 


14.34 


15.60 


1.26 


7 


32 


13 


48 


0.9 


0.3 


5021.015 


0.534690 


12 


49 


57-2 


15689 


16 


57 


- 30.3 


+ 99.7 


1.7 


• • 


• • 


• • 


• • 


• • 


• • 


• • 


• • 


• ■ 


• • ■ ■ 


• • • • 


• • 


• • 


• ■ 


• • 


• • 


58 


-608. 


+ 163. 


lo.S 


14.10 


15-56 


1.46 


6 


30 


16 


48 


0.9 


0.4 


5021.467 


0.491580 


II 


47 


52-5 


17066 


18 


59 


-150.9 


1- 34.8 


► 2.6 


14.26 


' 15-44 


1. 18 


5 


43 


9 


43 


0.9 


0-3 


5021.229 


0.542025 


13 





31-0 


15423 


12 


60 


— IIO.I 


+ 8.6 


) 1.8 


■ • 


• • 


■ • 


• • 


• • 


• • 


• • 


• • 


• • 


• • • * 


• • • • 


• • 


• * 


• • 


• • 


• • 


61 


-255.7 


' - 30.2 


4.3 


14.46 


'15-52 


1. 06 


10 


44 


10 


36 


0.7 


0.2 


5021.298 


0.568613 


13 


38 48.2 


14664 


13 


62, d 
62,1 


I +167.^ 


i —217.5 

a 


) 4.6 

u 


14.7c 


' 15-34 


. 0.64 


29 


24 


18 


29 


o-S 


0.3 


5021.244 
" .525 


0.562815 

a 


13 

a 


30 

u 


27.2 

U 


14905 
u 


II 


63 


+ 214.C 


>+ 50.^ 


> 3.7 


14.23 


15-57 


1.34 


8 


38 


14 


40 


0.8 


0.3 


5021.412 


0.497677 


II 


56 


39-3 


16755 


15 


64 


- 51-^ 


> —249.2 


' 4.2 


14.40 


.15.70 


> 1.30 


10 


38 


7 


45 


1-3 


0.3 


5021.000 


0.544510 


•13 


4 


5-7 


15313 


13 


65 


— 160.7 


' - 93.<5 


► 3.1 


14.36 


' 15-52 


1. 16 


18 


28 


8 


46 


1.6 


0.2 


5021.057 


0.480665 


II 


32 


9-5 


17427 


24 
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No. 


X 


Y 


Dkt. 


Magnitade 


Max. 


Ifia. 


Inr. 


Dec. 


Ins. 


Deer. 


Epoch 


Period 


Period 


Na 
Perio<b 


Mem 
Dev. 


Max. 


Ifia. 


Rai^e 




» 


m 


1 




















d. 


d. 


^m 1W* V* 






66, a 
66,6 


+ 2197 


+ 405.9 

a 


7-7 


14.69 


1518 


0.49 


38 


25 


14 


23 


0-3 


O.I 


5021.194 

"" -545 


0.702102 


16 51 1.6 

a a a 


1 1948 
a 


13 


67 


-102.3 


— 60. 


17.1 


• • 


• • 


• • 


• • 


• • 


• • 


• • 


• • 


• • 


• • • • 


• • • • 




• m 


• • 


68 


+ 896. 


+ 50- 


15-0 


14.75 


15-23 


0.48 


25 


31 


12 


32 


0.2 


O.I 


5021.217 


0.502136 


12 3 4.6 


13931 


14 


69 


+654. 


+751- 


16.6 


14.17 


1544 


1.27 


12 


40 


10 


38 


1.5 


0.3 


5021.205 


0.494876 


II 52 37-3 


141 63 


15 


70 


+393- 


+626. 


12.3 


14.40 


15-50 


1. 10 


II 


40 


II 


38 


0.8 


0.3 


5021.153 


0.558520 


13 24 16.I 


12525 


15 


71 


+661. 


+ 292. 


12.0 


14.26 


15-60 


1.34 


10 


40 


8 


42 


1.8 


0.4 


5021.027 


0.502468 


12 3 33.2 


9575 


IS 


72 


+689. 


+ 38. 


"•5 


14.59 


15-49 


0.90 


14 


11 


7 


46 


0.9 


0.2 


5021.455 


0.562108 


13 29 26.1 


12378 


14 


73 


+ 18.3 


+605.0 


lO.I 


• • 


• • 


• • 


• • 


• • 


■ • 


• • 


• • 


• • 


• • • • 


■ • • • 




• • 


• • 


74 


+ 205.6 


+ 162.2 


4.4 


• • 


• • 


• • 


■ • 


• • 


• • 


• • 


• • 


• • 


• • • • 


• • • • 




• • 


• • 


75 


+ 78.6 


-413.8 


7.0 


14.70 


15-40 


0.70 


14 


31 


9 


46 


0.4 


O.I 


5021.501 


0.686880 


16 29 6.4 


12303 


17 


76 


+ 80.9 


- 309-8 


5-3 


• • 


■ • 


• • 


• • 


• • 


• • 


• • 


• • 


• • 


• • • • 


• • • • 




• ■ 


. . 


77 


-172.7 


-184.5 


4.2 


14.50 


15-27 


0.77 


12 


16 


16 


56 


0.2 


O.I 


5021.108 


0.8451 10 


20 16 57.5 


9927 


13 


78 


+ 65.7 


+ 159-4 


2.9 


• • 


• • 


■ ■ 


• • 


• • 


• • 


• • 


• • 


• • 


• • • ■ 


• • • • 




• ■ 


• • 


79. « 
79.* 


- 134.3 


- 31-7 

a 


2-3 

a 


14.60 


15-15 


0.55 


29 


31 


15 


25 


0.4 


0.3 


5021.089 
*" -339 


0.499785 
a 


II 59 41-5 


16785 

a 


II 


80, a 
80, ft 


- 48.7 

a 


+ III.8 
a 


2.0 
a 


14-73 


15-25 


0.52 


20 


30 


17 


33 


0.4 


0.2 


5021.059 
^ .3" 


0.503260 


12 4 23.7 


1 66 10 

a 


IS 


81 


- 72-S 


-121. 5 


2.4 


14.57 


15-65 


1.08 


14 


30 


8 


48 


0.9 


0.2 


5021.510 


0.557332 


13 22 33.5 


IIIO9 


13 


83 


- 68.3 


+ I3-I 


1.2 


14.69 


1S-31 


0.62 


23 


40 


5 


32 


0.8 


O.I 


5021.349 


0.556012 


13 20 39.4 


9866 


23 


83 


- 84.9 


- 87.6 


2.0 


14.50 


15-70 


1.20 


10 


36 


7 


47 


1.4 


0.3 


5021.538 


0.553310 


13 16 46.0 


15108 


17 


84 


+ 43-0 


- 32.8 


0.9 


11.54 


12.61 


1.07 


22 


28 


12 


38 


■ • 


• • 


5027.5 


26.5 


J% * • 


211 


24 


8S 


+ 37-9 


- 3S-I 


0.9 


14.50 


15-60 


1. 10 


II 


44 


5 


40 


1.9 


0.2 


5021.409 


0.527046 


12 38 56.8 


10436 


21 


86 


+ 34-7 


- 31-6 


0.8 


14.40 


15-40 


1. 00 


9 


31 


IS 


45 


0.6 


0.2 


5021.050 


0.567901 


13 37 46.6 


9685 


20 


87 


+ 122.3 


- 2.3 


2.0 


14.80 


15-29 


0.49 


19 


33 


10 


38 


0.2 


O.I 


5021.511 


0.738373 


17 43 iS-4 


II361 


09 


88, a 
88, ft 


+ 6S-4 


+ 61.4 


1-5 


14.87 


15-38 


0.51 


28 


36 


16 


20 


0.3 


0.3 


5021.189 
"^ .436 


0.493741 


II 50 59-2 

a a u 


16888 


20 


89 


+ 60.4 


+ 64.3 


i-S 


14.53 


15-70 


I.I7 


II 


31 


10 


48 


I.I 


0.2 


5021.518 


0.558430 


13 24 8.4 


1 493 1 


17 


90 


- 44-8 


+ 15-3 


0.8 


14.31 


15-47 


1. 16 


13 


38 


10 


39 


I.I 


0.3 


5021.070 


O.557151 


13 22 17.8 


14966 


24 


91 


- 35-9 


+ 35-5 


0.8 


14.60 


1549 


0.89 


16 


39 


11 


34 


0.6 


0.2 


5021.172 


0.585855 


14 3 37.9 


14312 


26 


92 


- S7-0 


-122.5 


2.3 


• • 


• • 


• • 


• • 


• • 


• . 


• • 


• • 


• • 


• • • ■ 


• • • • 
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REMARKS 



1. The period given in the table satisfies the observations 
well. 

2. The period given in the table satisfies the observations 
fairiy well, but there are numerous large residuals from 
the smooth curve drawn through the observations, which 
in part i4)pear to be systematic. It is possible that the 
assun4>tion of a secular variation in the length of the 
period would improve the results, but no more satisfac- 
tory simple period has been found than that given in the 
table. 

3. The period given satisfies the observations well. The 
period is rather long, and the range, rather small. 



4. The period given is probably about rig^t, in spite of 
numerous large residuals. These i4>pear, however, to be 
due in general to accidental errors. The star is near the 
centre of the cluster and therefore difficult to measure on 
many plates. This star has the shortest period found in 
Messier 5, if we regard the double oscillation in the light 
curves of such variables as No. 62 as caused by the 
variations in light of two connected variable stars, each of 
whose periods is that given in the table. See the remarks 
on page 177, and on page 162 imder No. 62. 

5. This variable is near the centre of the cluster and is a 
difficult object on many of the measured plates, its image 



i6o 



ANNALS OF HARVABD COLLEGE OBSERVATORY 



being often confused with those of adjacent stars. The 
period is probably about right although there are many 
verylarge residuals from the smooth curve. These appear 
to be due to accidental errc^s, as is well shown in the 
measurements of J. D. 9537, and elsewhere. 

6. The period given in the table is probably about right, 
although the residuals are large. They appear, however, 
to be due to the accidental errors of measurement, as the 
star is dose and diffictdt. 

7. The elements given in the table s^pear to be good. 

8. The period given in the table is satisfactory. There are a 
few large residuals, which are probably due to accidental 
errors of measurement. 

9. The period of this star satisfies the observations well. 
There are a few large residuals, which appear to be due to 
accidental errors. 

10. The period given in the table satisfies the observations 
well, although there are a few large residuals. 

11. The period given in the table satisfies the observations 
well. 

12. The elements of this star appear to be satisfactory. 

13. The period of this star is probably about right, although 
there are many large residuals from the smooth curve. 
The star, however, is a component of a close double, and 
exact measurements are difficult, and on some plates, 
impossible. 

14. The period given in the table appears to be about right, 
although there are some large discordances. 

15. The range of variation of this star is small, about half a 
magnitude, and the results somewhat discordant. The 
period may be in error. 

16. The given elements satisfy the observations well, al- 
though there are a few large residuals from the smooth 
curve. 

17. This star is near the centre of the cluster and is a very 
dose and difficult object on most of the measured plates. 
The measures in many cases are evidently imreliable. 
The period 0^.60186 satisfies a large part of the observa- 
tions as well, perhaps, as could be expected under the 
circumstances. There are so many discordances, how- 
ever, that this period has not been induded in the Table 
of Elements. 

18. The period given is not satisfactory, although it appears 
to be about right. No better period has been foimd, nor 
any good explanation of the large discordances which 
result from the use of the assiuned period. 

19. The dements given satisfy the observations well. It is a 
good example of a duster variable having a large range of 
variation, a short period, and extremely rapid inaease 
and decrease in light. 

20. The dements given satisfy the observations well. 

21. The elements given in the table satisfy the observations 
wdl. 

22. This star is faint. It appears to vary slightly in bright- 
ness, but the variation, if genuine, is so small that no 
attempt has been made to determine the period. 

23. This star appears to vary slightly in brightness, but the 
variation, if genuine, is so small that no attempt has been 
made to determine the period. 



24. The period given is probably about right. There are a 
niunber of large residuals from the smooth curve, but 
these appear to be due to the difficulties of measure- 
ments. 

25. This star is always comparatively bright. It I4)pear8 to 
vary slightly, but the variation, if genuine, b so small, 
that no attempt has been made to determine the period. 

26. The period of this star is doubtless about right, althou^^ 
there are many rather large residuals from the smooth 
curve. These appear, however, to be due to the acciden- 
tal errors of measurement. 

27. This star is near the centre of the duster and is a difficult 
object for measurement except on the best plates. The 
measurements are obviously inexact on many plates, as 
is shown in the case of those of J. D. 3695, and J. D. 
3717, where they would not agree well with any short 
period whatever. In spite of the frequent large residuals 
from the smooth curve, however, the period given in the 
table b perhaps about right. 

28. The elements given in the table i4)pear to be satisfactory. 

29. This star has one of the shortest periods foimd in the 
cluster. The dements given in the table appear to be 
fairly satisfactory, but the accordance of the results is 
considerably increased by the use of the formula: — 
J. D. 2415021.358+ 0^.451435 EH- o'.04 sin (0^.0428 E 
+ 96**. 7). For dates which precede J. D. 241 5021, E is 
to be regarded as negative. 

30. The dements of this variable given in the table i4)pear to 
be fairiy satisfactory. 

31. This appears to be a case of a double variable. The full 
period is perhaps 0^.461937, although the apparent period 
is one half as great. See remarks on page 177, and on 
page 162, imder 62. 

32. This star is one of the most striking variables in the 
duster. The period is short, and the range of variation 
large. The rate of increase is extremely rapid, and that 
of decrease, though slower than that of increase, is never- 
theless rapid. This is well shown on the plates of J. D. 
3374) where an apparent minimum is followed by a maxi- 
miun in 52 minutes. There appears to be no duration of 
the maximum light. Indeed, the true brightness at 
maximum is somewhat reduced by the necessary duration 
of the photographic exposure, which is, in general, a little 
less than one hour. This woidd be a good star for a more 
carefid study. 

33. This star is one of the most interesting variables in the 
duster. The period is only a trifle more than half a day, 
so that the same phase is repeated at neariy the same time 
on successive nights. The changes of light are rapid. No 
predse measurements of the variable were obtained from 
the early plates made between J. D. 1 141 and J. D. 1 199, 
since during that time at the hour when the plates were 
taken the star was alwajrs at, or near, its minimum phase. 
The early Moimt Wilson plates show the variables well 
only when they are at, or near, maximum brightness. 
On June 14, 1901, visiial observations of this star were 
made by Professors E. C. Pickering and J. A. Parkhurst 
with the forty-inch Yerkes tdescope. These observations 
indicated a maximum at 20^ 30^, Greenwidi Mean Time, 
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ot J. D. 555 1 .850. The photographic maximmn occurred, 
according to the elements given in the table, at J. D. 
5551.854, or 5.6 minutes later. The period given in the 
Table of Elements agrees closely with that determined 
from visual observations with the 40-inch Yerkes Re- 
fractor by Professor E. E. Barnard. See A. N. 184, 273. 

34. The elements given in the table for this star satisfy the 
observations fairly well. 

35. This appears to be another case of the double oscillation 
in the light curve, due to the presence of two variable 
stars. See remarks on page 177 and on page 162 under 62. 

36. This star is very close and difficult. The light of another 
star has been measured with it. The measurements make 
the variability sure, but the accidental errors appear to 
be so large that no attempt has been made to determine 
the period. 

37. The period given in the table satisfies the observations 
fairly well with a few exceptions. As the star has a close, 
bright companion and shows a distinct image only on the 
best plates, measures are difficult, and the large residuals 
may readily be due to accidental errors. The range of 
variation is large and the rate of increase and decrease 
very rapid. This star was too difficult for measurement 
on the early plates. 

38. The elements of this star given in the table appear to be 
satisfactory. The range is large, and the changes in 
brightness, rapid. The period appears to be uniform. 

39. The elements of this star are satisfactory. 

40. This star i4)pears to have a period of about 0^.63403 2 with 
a double oscillation in the light curve like that of No. 62. 
See page 177, and page 162 under 62. The observations 
agree well with this assun4>tion for long intervals, as for 
all the measures of J. D. 3346 to J. D. 3423, for those of 
J. D. 4052 to J. D. 4093, etc., but this period does not 
satisfy the entire interval covered by all the observations. 
For this reason, it has not been included in the Table of 
Elements. Inq)roved accordance can be obtained by the 
use of an empirical secular correction, obtained in the 
manner described in Chapter 3. The curve thus obtained 
for this variable is not a sine curve, and has not been em- 
ployed, since it seems very doubtful Aether it offers the 
true explanation for the large discordances which are 
found with the period indicated above. 

41. This star is one of the most striking variables in the 
cluster. The range of variation is large and the changes 
in brightness extremely rapid. The elements given in the 
table are satisfactory. 

42. This is the brightest variable and one of the brightest 
stars in the cluster. The period is so long as to give rise 
to the suspicion that this star belongs to a different sub- 
class from the other cluster variables. It may not be a 
real member of the cluster. The form of the light curve, 
however, appears to be about the same as that of the 
variables of shorter period. The maximum rate of in- 
crease in light is about 0.029 magn. per hour, and of 
decrease, 0.004. The period is 25** 17* 4S**.6. 

43. The elements given in the table seem to be satisfactory. 
The period is rather long, and the range of variation, 
rather small. 



44. This star is another case of a double variable, having an 
apparent period of d^. 247898. The full period has been 
assumed to be twice as great. See remarks on page 177, 
and on page 162, under 62. 

45. This star is rather diffictdt, and the range of variation is 
smalL The elements given in the table, however, appear 
to be very satisfactory, althou^^ there are a few large 
residuals from the smooth curve. 

46. The variability of this star is doubtful. At least, if 
genuine, the range of variation is very small, so that no 
attempt has been made to determine the period. 

47. The elements of this star given in the table appear to be 
very satisfactory. 

48. The variability of this star is doubtful. It appears to be 
imusually faint on a few plates, especially on that of 
J- ^' 3376.5.81, but these few differences may be due to 
defects on the plates. No attempt has been made to 
determine a period. 

49. The variability of this star is doubtful. The differences 
in the measured magnitudes are perhaps no greater than 
are to be expected from the accidental errors of measure- 
ment. 

50. The elements given in the table appear to satisfy the ob- 
servations fairly well, but there are some large discord- 
ances. The star is one component of a close double, and 
measiures on many plates were difficult. The period, 
106^.0, is remarkably long compared with those of the 
other variables in the cluster. It agrees well, however, 
with the period obtained by Professor E. E. Barnard 
from visual observations. The maximum rate of increase 
is about 0.004 niagn. per hour, and of decrease, o.ooi. 
The period is 106^ o* o**. 

51. This star, which is one component of a close double, was 
suspected of variability, but the measurements do not 
appear to confirm it. At any rate, the changes are so 
small that no attempt has been made to find a period. 

52. The period seems to satisfy the observations fairly well, 
except that at J. D. 1 161.809. 

53. This star was a suspected variable. It is a close and diffi- 
cult object, and the occasional large differences in the 
measured magnitudes may be due to accidental errors in 
measurement. No attempt has been made to determine 
a period. 

54. This star appears to undergo large changes in brightness. 
It is, however, a very close and diffictdt object. On many 
plates its image is confused with those of two or more 
other stars. The measiurements appear to be very im- 
reliable, and the determination of the period very diffi- 
cult. There are indications of a period of about 0^45. 

55. The period given in the table seems to satisfy the obser- 
vations fairly well. The range of variation, however, is 
small, so that the determination of the precise period is 
diffictdt, and the results may be regarded as somewhat 
doubtful. 

56. The elements given for this star appear to be good. An 
error in the identification of this variable was at first 
made on plates from J. D. 1145 ^ J* ^' 379^> which 
caused trouble in the determination of the period until 
this fact was found out and the measures were r^)eated. 
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57. The real range of variation of this star is probably small, 
although the range indicated by many of the measure- 
ments is large. The star is, however, very dose to another 
star, so that the images of the variable and the other star 
coalesce on many plates. On this account the measured 
magnitudes are doubtless very inaccurate in many cases, 
so that the real light dianges are obscured. At least no 
satisfactory period has been foimd. 

58. This star is distant from the centre of the cluster. The 
range of variation is large. The elements given in the 
table appear to be satisfactory. 

59. The period given in the table satisfies all the observations 
exceptionally welL 

60. This star is a dose and difficult object. The range of 
variation, also, is small, so that the determination of the 
period is difficult. There are indications of a period of 
about 0*45. 

61. The elements given in the table appear to be good. 

63. The light curve of this star has a double oscillation diuing 
the given period. It has been assumed that this is caused 
by a double system, consisting of two variable compo- 
nents, having the same period and alternating maxima. 
Eight such variables have been foimd in this duster, Nos. 
31, 35, 44, 62, 66, 79, 80, and 88, and it is possible that 
additional stars in this, or other dusters, whose results 
give large discordances without apparent cause, may 
belong to the same dass. The determination of the 
periods of these stars presoited difficulties at first, owing 
to their unusual nature, imtil it was foimd out that the 
returns of mftTimnm occurred at about half the usiial 
interval of time. In the case of 62, the two halves of the 
light curve appear to be nearly eqiial, but in other cases 
they may be somewhat unequal For a special study of 
this variable, see page 177. 

63. The elements given in the table i4)pear to be satisfactory. 

64. The elements given in the table appear to be satisfactory. 

65. The period given in the table is probably about right, 
although many large residuals from the smooth curve 
occur. The star has a very dose con^>anion, and the two 
images coalesce on many plates, so that exact measures 
are impossible. 

66. This star is rather distant from the comparison stars, and 
the range of variation is small. If the dements given in 
the table are correct, it is an extreme case of the double 
period. 0^.702102 is the longest period 3ret foimd for a 
variable of this dass. The two halves of the light curve 
seem neariy, or quite, equal. 

67. This star is the most distant variable found in the duster. 
In Volume 38 of these Annab, by a typographical error, 
its coordinate in X b given as io2.'3, instead of 1023'. 
The star f^>pears to vary somewhat, but in general the 
range indio^ed by the measurements is so small that the 
determination of a period would be difficult and has not 
been attempted. Not shown on Plate 8, Fig. 2, in H.A. 
38. 

68. This star is distant from the centre of the duster and 
does not ai^>ear on Plate 8, Fig. 2, in H.A. 38. The 
range of variation is small and the measures difficult om 
account of its distance from the comparison stars. On 



69. 



70. 



71. 

72. 



73- 



74. 



75- 



76. 



77. 



78. 



79- 



80. 



this account there is considerable discordance, but the 
given period is probably about rig^t. It could not be 
safdy measured on the Mount Wilson plates on account 
of its great distance from the centre. 
The elements i4)pear to be satisfactory. The range in 
brightness is large. This star is distant from the centre 
of the duster and does not appear on Plate 8, Fig. 2, in 
H.A. 38. 

The elements appeal to be fairly good. The star is re- 
mote from the centre of the duster and does not appear 
on Plate 8, Fig. 2, in H.A. 38. 
The elements of this star appear to be satisfactory. 
The period of this variable seems to be rig^t, thou^^ some 
of the residuals from the smooth curve are very large. 
This star is distant from the centre of the duster and from 
the comparison stars. 

This star is distant from the centre of the duster and 
does not appear on Plate 8, Fig. 2, in H.A. 38. From the 
measurements of photographs made between J. D. 4052 
and J. D. 4093, the period appears to be a trifle more than 
half a day. The range of variation is so small, however, 
that the real changes are probably marked by the acd- 
dental errors of measurement, so that no period has been 
determined. It is possible that this star has a double 
maximum, like No. 62, or other peculiarities. 
This star is a dose double, whose comp<Mients are not 
well separated even on the best plates. The oomponait 
nearer the centre of the duster is the variable. The 
measurements indude the images of both stars, and 
hence, the resulting measures do not give the true range 
of variation of the variable itself. No period has been 
determined. A series of short exposures would probably 
show the components separated, so that better results 
could be obtained. 

The period given in the table is probably about right, 
althou^^ there are many large deviations from the 
snKX>th curve, and some error or conq)lication may be 
present The star is distant from the comparison stars. 
The variability of this star a{^>ears to be confirmed, but 
the range is so small that no attempt has been made to 
find the period. 

The period given satisfies the observations fairiy well. 
This is the longest period, less than one day, of any varia- 
ble found in this duster. 

The range of variation of this star is very smalL The 
determination of the period would be difficult and has 
not been attempted, since in many cases the real light 
changes appear to be obscured by the acddental errors of 
measurement. 

The li^t curve of this star appears to be like that of 
No. 62, having a double maximum. See remarks under 
No. 62, and on page 177. 

The light curve of this variable also I4)pear8 to be like that 
of 62, but it presents some irregularities. The star is 
eqiedally well i^aced for measurement and the observa- 
tions should yield accordant results. Various large dis- 
cordances occur, however, which may indicate dther an 
error in the period, or the need of a secular correction like 
that found for No. 62. See page 177. 
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8z. The dements of this star are satisfactory. 

8 2. This variable has a dose companion, so that the measure- 
ments are trustworthy only on the best plates. On this 
accoimt the early plates have not been induded in the 
discussion, ^^ch makes use only of those from J. D. 4052 
to J. D. 9537. The period given in the table is probably 
about right. 

83. This star is dose and difficult, but the period given in the 
table is probably about right. 

84. This is a dose and difficult object, permitting even ap- 
proximate measures only on a few of the best plates. The 
star is rather bright. The period determined by Professor 
Barnard in 1898 by visual observations, 26*^.2, appears to 
be about right. The period 2^,$ satisfies the photo- 
graphic observations somewhat better, and has been 
accepted in the Table of Elements. The maximum rate 
of increase of light is about 0.017 magn. an hour, and 
that of decrease, 0.006. The period is 26'' 12* o*". 

85. This is a difficult star, and measiurements were possible 
only on the best plates. The period given in the table is 
probably about right. 

86. This star, like the two preceding, is dose and difficult. 
Measurements were made only on the best plates. The 
period given in the table is based on these and appears to 
beri^t. 

87. The dements given for this star seem to be good. The 



range of variation is tmusually small, and the period, 
unusually long. 

88. The light curve of this star appears to have a double max- 
imum, like that of 62. Hie measurement was difficult on 
many plates. The residuals from the smooth curve are 
so large as to indicate an error in the period or the need of 
a secular correction. 

89. This is a somewhat difficult star, but the dements given in 
the table seem to be satisfactory. 

90. This is a difficult star for measurement on many of the 
plates. Hie dements given in the table satisfy the ob- 
servatbns fairly well. 

91. The results for this star are not very satisfactory, and the 
dements given in the table are somewhat doubtful. The 
object is a difficult one, whose image is confused with that 
of an adjacent star on many plates. 

92. This star is extremdy dose to a brighter star, so that it is 
only partially separated even on the best plates. On this 
account no measurements were made of the early plates 
from J. D. 1141 to J. D. 4052. Also the measurements 
from J. D. 4133 to J. D. 5581 are of the combined light 
of both stars, and will not serve well for the determination 
of the period. Hie observations from J. D. 4058, to 
J. D. 4093 are satisfied by a period of 0^.45, but owing to 
the small number of the observations available this period 
must be regarded as doubtful. 
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MISCELLANEOUS RESULTS 



The periods of 72 variable stars in Messier 5 were given in Table XXV. The 
light curves of these stars will be found in Table XXVI. The period of each vari- 
able has been divided into twenty four equal part§, and the magnitudes correspond- 
ing to these points of division have been read from the smooth curves drawn 
through all the observations. In most cases the results are only approximate, since 
the individual observations scatter somewhat widely, as is apparent from the resid- 
uals in the last colunm for each star in Table XXni, so that a precise determina- 
tion of the form of the ciuve is difficult. The first column on each page gives the 
numbers of the points of division. The results for each star occupy three columns, 
the first of which gives the phase, the second, the corresponding magnitude, and the 
third, the differences foimd by subtracting each magnitude from the (me inune- 
diately following it. These differences represent, therefore, the increase or decrease 
in magnitude expressed in hundredths for each twenty-fourth part of the period of 
the star. 

The quantities given in Table XXVI were derived from the same curves as the 
results foimd in the fifth to the thirteenth colunms of the Table of Elements in 
Chapter VII. These curves were drawn by hand through the observations, and 
their precise form is doubtful, in many cases. In order to obtain mean light curves 
entirely free from the personal equation of the draftsman, 30 variables were selected 
and divided into three groups of 10 stars each, according to the length of the 
period. The elements of all these stars appear to be free from uncertainty. They 
were chosen by reference to the remarks, previously written, following the Table of 
Elements. The first group consists of the 10 variables having the shortest periods 
among the 30 selected stars, the second group, those of medium period, and the 
third group, those of the longest periods. In the first group, consisting of the vari- 
ables 32, 12, 19, 38, 41, 58, 7, 63, 33, and 71, the periods range from 0^.458 to 
0^.502, the mean being 0^.484. The periods of the stars of the second group, Nos. 
I, 10, 56, 47, 59, 28, 64, 8, 81, and 61, are between 0^.522 and 0^.569, the mean 
being 0^.543. The periods in the third group, Nos. 39, 30, 11, 3, 21, 20, 16, 43, 9, 
and 87, range from 0^.589 to o''.738, the mean being o''.634. The period of each 
star was then divided into 48 equal parts and the corresponding phases of the obser- 
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TABLE XXVI 



LIGHT CURVES 



Part 


PhAM 


Magn. 


A 


PhAM 


Magn. 


A 


PhaM 


Magn. 


A 


Phase 


Magn. 


A 


Phaae 


Magn. 


A 




No. I 


No. 2 


No. 3 


No. 4 


No. 5 




d. 


1 


d. 






d. 






d. 






d. 






O 


O.OOO 


14.21 


+ -I5 


0.000 


14.58 


+ .03 


0.000 


14.68 


+.01 


0.000 


14.20 


+ .07 


0.000 


14.29 


+ .03 


I 


0.022 


14.36 


+ .16 


0.022 


14.61 


+ .07 


0.025 


14.69 


+ .04 


0.019 


14.27 


+ .11 


0.023 


14-32 


+ .09 


2 


0.043 


I4.S2 


+ .18 


0.044 


14.68 


+ .11 


0.050 


14.73 


+ .05 


0.037 


14.38 


+ .14 


0.045 


14.41 


+ .12 


3 


0.065 


14.70 


+ .16 


0.066 


14.79 


+ .12 


0.075 


14.78 


+ .09 


0.056 


14.52 


+ .14 


0.068 


M.53 


+ -I7 


4 


0.087 


14.86 


+ -I3 


0.088 


14.91 


+ .12 


O.IOO 


14.87 


+ .07 


0.075 


14.66 


+ -I3 


0.091 


14.70 


+.18 


S 


0.109 


14.99 


+ .13 


O.IIO 


15-03 


+ .09 


0.125 


14.94 


+ .09 


0.094 


14-79 


+ .13 


0.1 14 


14.88 


+ .14 


6 


0.130 


15-12 


+ .12 


0.132 


15.12 


+ .10 


0.150 


15-03 


+ .08 


O.I 1 2 


14.92 


+ -I3 


0.136 


15-02 


+ .13 


7 


0.152 


15-24 


+ .08 


0.154 


15.22 


+ .07 


0.175 


15-" 


+ .08 


O.I3I 


1505 


+ .11 


0.159 


15-15 


+ .09 


8 


0.174 


15-32 


+ .06 


0.175 


15-29 


+ .05 


0.200 


15-19 


+ .07 


0.150 


15-16 


+ .08 


0.182 


15-24 


+ .08 


9 


0.196 


15.38 


+ .07 


0.197 


15-34 


+ .06 


0.225 


15-26 


+ .07 


0.169 


15-24 


+.08 


0.205 


15-32 


+ .05 


lO 


0.217 


15.45 


+ .05 


0.219 


15.40 


+ .03 


0.250 


15-33 


+ -05 


0.187 


15-32 


+ .07 


0.227 


15-37. 


+ .06 


II 


0.239 


15.50 


+ .03 


0.241 


15-43 


+ -05 


0.275 


15-38 


+ .04 


0.206 


15.39 


+ .04 


0.250 


15-43 


+ .05 


12 


0.261 


15.53 


+ .04 


0.263 


15.48 


+ .01 


0.300 


15-42 


+ .04 


0.225 


15.43 


+ .06 


0.273 


15.48 


+ .04 


13 


0-283 


15-57 


.00 


0.285 


15-49 


+ .01 


0.325 


15-46 


+ .03 


0.244 


15-49 


+ .01 


0.296 


15.52 


+.02 


14 


0.304 


15-57 


.00 


0.307 


15-50 


+ .01 


0.350 


15.49 


+ .01 


0.262 


15-50 


+ .01 


0.318 


15-54 


+ .03 


IS 


0.326 


15.57 


.00 


0.329 


15-51 


— .02 


0.375 


15-50 


+ .02 


0.281 


15-51 


+ .01 


0.341 


15-57 


+ .02 


i6 


0.348 


15-57 


.00 


0.351 


15-49 


-.08 


0.400 


15-52 


+ .01 


0.300 


15-52 


+ .01 


0.364 


15-59 


+ .01 


17 


0.370 


15.57 


— .01 


0.373 


15-41 


— .11 


0.425 


15.53 


+ .01 


0.318 


15.53 


.00 


0.387 


15.60 


— .01 


i8 


0.391 


15-56 


-.03 


0.395 


15-30 


-.18 


0.450 


15-54 


.00 


0.337 


15-53 


— .01 


0.409 


15.59 


— .02 


19 


0.413 


15-53 


-.04 


0.417 


15-12 


— .20 


0.475 


15.54 


— .01 


0.356 


15-52 


— .01 


0.432 


15-57 


— .09 


20 


0.43 s 


15-49 


— .21 


0.439 


14.92 


-.14 


0.500 


15-53 


— .04 


0.375 


15-51 


--03 


0.455 


15-48 


-.24 


21 


0.4S7 


15-28 


-.48 


0.461 


14.78 


— .11 


0.525 


15-49 


--30 


0.393 


15.48 


— .12 


0.478 


15-24 


--57 


22 


0.478 


14.80 


-.41 


0.482 


14.67 


-.07 


0.550 


15-19 


-'33 


0.412 


15-36 


-.48 


0.500 


14.67 


--31 


23 


0.500 


14-39 


-.18 


0.504 


14.60 


— .02 


0.575 


14.86 


-.18 


0.431 


14.88 


-.68 


0.523 


14.36 


-.07 




No. 6 


No. 7 


No. 8 


No. 9 


No. 10 




d. 






d. 






d. 






d. 






d. 






O 


0.000 


14.20 


+ .12 


0.000 


14.26 


+ .08 


0.000 


14.26 


+-17 


0.000 


14.40 


+.04 


0.000 


14.17 


+.11 


I 


0.023 


14.32 


+.14 


0.021 


14-34 


+ .15 


0.023 


14-43 


+.18 


0.029 


14.44 


+.08 


0.022 


14.28 


+-13 


2 


0.046 


14.46 


+ .12 


0.041 


1449 


+ .12 


0.046 


14.61 


+-13 


0.058 


M-52 


+.07 


0.044 


14.41 


+.12 


3 


0.069 


14-58 


+ .08 


0.062 


14.61 


+ -I5 


0.068 


14.74 


+-15 


0.087 


14.59 


+.09 


0.066 


14-53 


+-13 


4 


0.091 


14.66 


+ .07 


0.082 


14.76 


+ .16 


0.091 


14.89 


+-13 


O.II7 


14.68 


+.08 


0.088 


14.66 


+-15 


S 


O.I 14 


14.73 


+ .06 


0.103 


14.92 


+ .14 


O.II4 


15-02 


+.08 


0.146 


14.76 


+.11 


O.III 


14.81 


+.11 


6 


0.137 


14.79 


+ .07 


0.124 


15-06 


+ -I3 


0.137 


15-10 


+.08 


0.175 


14.87 


+.09 


0.133 


14.92 


+.08 


7 


0.160 


14.86 


+ .07 


0.144 


15-19 


+ .13 


0.159 


15.18 


+.09 


0.204 


14.96 


+.08 


0.155 


15-00 


+.09 


8 


0.183 


14-93 


+ .04 


0.165 


15.32 


+ .10 


0.182 


15.27 


+.07 


0.233 


15.04 


+.09 


0.177 


15.09 


+.07 


9 


0.206 


14.97 


+ -03 


0.185 


15-42 


+ .10 


0.205 


15.34 


+.06 


0.262 


15-13 


+.08 


0.199 


15-16 


+.06 
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Part Phase 


Magn. 


A 


Phaae 


Magn. 


A 


Phaae 


Magn. 


A 


Phase 


Magn. 


A 


Phase 


Magn. 


A 




No. 6 


No. 7 


No. 8 


No. 9 


No. 10 


IO 
II 
12 

13 
14 

15 
16 

17 
18 

19 

20 

21 
22 

23 


d, 
0.229 

0.252 

0.274 
0.297 
0.320 

0.343 
0.366 

0.389 

0.412 

0.43s 

0.4S7 
0.480 

0.503 
0.526 


1500 

15-05 
15.09 

1512 
15-14 

15-17 
15-18 

15-19 
15.20 

15-19 

15-17 

15-13 
14.65 

14.26 


+.05 

+ .04 
+ .03 
+.02 
+ .03 
+ .01 
+ .01 
+ .01 

— .01 

— .02 

— .04 
-.48 

--39 
— .06 


d. 
0.206 

0.227 

0.247 
0.268 

0.288 

0.309 

0.330 
0.350 

0.371 
0.391 

0.412 

0.433 
0.453 
0.474 


15-52 
15-61 
15-68 

15-73 
15-76 

15-77 
15-78 
15.80 

15-79 
15-76 
15-72 

15-63 
14.90 

14.39 


+.09 
+.07 
+ .05 
+ .03 
+ .01 
+ .01 
+ .02 

— .01 

-•03 

— .04 

— .09 

-•73 
--51 
--13 


d. 
0.228 

0.250 

0.273 

0.296 

0.319 

0.341 

0.364 

0.387 
0.410 

0.432 

0.455 
0.478 

0.501 
0.523 


15.40 
15.46 

15-51 

15-54 

15-59 
15.60 

15-61 

15-61 

15-61 
15.60 

15-58 

15.52 

15.19 
14.68 


+ .06 
+ .05 

+ -03 
+ .05 
+ .01 
+ .01 
.00 
.00 

— .01 

— .02 

— .06 

--33 
--51 
-.42 


d. 
0.291 

0.320 

0.350 

0.379 
0.408 

0.437 
0.466 

0.495 

0.524 

0.553 

0.583 
0.612 

0.641 

0.670 


15.21 
15-28 
15-34 
15-39 
15-42 

1544 

15-47 
15.48 

15-50 
15-50 
15.48 
15-26 
14.71 
14.48 


+.07 
+.06 
+.05 
+ .03 
+ .02 
+.03 
+ .01 
+.02 
.00 

— .02 

— .22 

--55 
-.23 

~.o8 


d. 
0.221 

0.243 
0.265 

0.287 

0.310 

0.332 

0.354 
0.376 

0.398 

0.420 

0.442 

0.464 

0.486 

0.509 


15.22 

15-27 
15-32 
15-36 
15.40 

15-43 
15-44 
15-46 
1546 
15-47 
15-47 

15.43 
15-12 

14.27 


+ .05 
+.05 
+ .04 
+.04 
+ .03 
+ .01 
+ .02 

.00 
+.01 

.00 
-.04 

-.31 

-.85 
— .10 




No. II 


No. 12 


No. 13 


No. 14 


No. 15 



I 
2 

3 
4 

5 
6 

7 
8 

9 
10 

II 

12 

13 
14 

IS 
16 

17 
18 

19 

20 

21 
22 

23 


d. 
0.000 

0.025 

0.050 

0.074 

0.099 

0.124 

0.149 

0.174 

0.199 

0.223 

0.248 

0.273 
0.298 

0.323 
0.348 

0.372 

0.397 
0.422 

0.447 
0.472 

0.497 
0.521 

0.546 
0.571 


14.13 
14.20 

14.30 
14.42 

14.55 
14.67 

14-78 
14.89 

14.99 

15-07 

15-14 

15-23 
15-28 

15-32 

15-35 

15-39 
15.40 

15-41 
15-42 
15-42 

15-41 
15.40 

15.22 
14-55 


+.07 
+.10 

+.12 

+-13 
+.12 

+.11 
+.11 
+.10 
+.08 

+.07 
+.09 
+.05 
+.04 
+.03 

+.04 
+.01 
+.01 
+.01 
.00 

— .01 

— .01 
-.18 

-.67 
-.42 


d. 
0.000 

0.019 

0.039 

0.058 

0.078 

0.097 

0.II7 

0.136 

0.156 

0.175 
0.195 

0.214 
0.234 
0.253 

0.273 
0.292 

0.312 

0.331 

0.351 
0.370 

0.390 

0.409 

0.429 

0.448 


14.20 

14.32 

14.51 
14.66 

14.80 

14.95 
15-06 

15-17 
15-29 
15-38 

15-49 

15-57 
15-62 

15-67 
15-70 
15-72 
15-73 

15-74 

15-75 
15-76 

15-73 

15-43 
14.80 

14-25 


+.12 

+.19 
+-15 
+.14 
+-15 
+.11 
+.11 
+.12 
+.09 

+.11 
+.08 

+.05 
+.05 
+.03 
+.02 
+.01 
+.01 
+.01 
+.01 

-•03 
-.30 
-.63 
--55 
--05 


d. 
0.000 

0.021 

0.043 

0.064 

0.086 

0.107 

0.128 

0.150 

O.I7I 

0.192 

0.214 

0.235 

0.257 
0.278 

0.299 

0.321 

0.342 
0.363 

0.385 
0.406 

0.428 

0.449 
0.470 

0.492 


14.20 

14.25 
14.38 

14.49 
14.62 

14.74 
14.84 

14.94 
15-01 
15.08 

15-13 

15-17 
15.20 

15.22 

15-24 
15-26 

15-26 

15-25 

15-23 

15-19 

15-13 
14.98 

14.69 
14-37 


+.05 

+-13 
+.11 

+-13 
+.12 

+.10 

+.10 

+.07 

+.07 

+.05 

+.04 
+.03 
+.02 
+.02 
+.02 
.00 

— .01 

— .02 

-.04 
-.06 

--15 
-.29 

--32 
-.17 


d. 
0.000 

0.020 

0.041 

0.061 

0.081 

0.102 

0.122 

0.142 

0.162 

0.183 

0.203 

0.223 

0.244 

0.264 

0.284 

0.305 
0.325 
0.345 
0.365 
0.386 

0.406 
0.426 

0.447 
0.467 


14.50 

14.52 
14.58 
14.64 

14.74 
14.89 
14.98 

15-07 

15-15 
15.22 

15-30 
15-34 
15-39 

15-39 
15.40 

15-41 
15-41 
15.40 

15-38 

15.27 

15-14 
14.94 

14.68 
14-53 


+.02 
+.06 
+.06 
+.10 

+.15 
+.09 
+.09 
+.08 
+.07 
+.08 

+.04 

+.05 
.00 

+.01 

+.01 

.00 

— .01 

— .02 

— .11 

--13 

— .20 

-.26 

--15 
-.03 


d. 
0.000 

0.021 

0.042 

0.063 

0.085 

0.106 

0.127 

0.148 

0.169 

0.190 

0.212 

0.233 
0.254 

0.275 
0.296 

0.317 
0.338 
0.360 
0.381 
0.402 

0.423 

0.444 
0.465 

0.487 


14.79 
14.80 
14.82 
14.84 
14.89 

14.93 
14.97 

15-02 

15-08 

15-13 

15-19 
15-22 

15.25 
15-28 

15-30 
15-30 
15-30 

15-29 
15-26 

15.20 

15-13 
15.03 
14.92 
14.85 


+ .01 
+ .02 
+ .02 
+ .05 
+ .04 
+ .04 
+.05 
+ .06 
+ .05 
+ .06 
+ .03 
+ .03 
+ .03 
+ .02 
.00 
.00 

— .01 
-.03 

— .06 
-.07 

— .10 

— .11 
-.07 

— .06 
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Part 


Phue 


Mun. 


A 


PhAM 


MaffD. 


A 


Phue 


Magn. 


A 


Phaae 


Magn. 


A 


Phaae 


Magn. 


A 




No. 16 


No. 18 


No. 19 


No. 20 


No. 21 




d. 






d. 




d. 






d. 






d. 









0.000 


14.20 


+.07 


0.000 


14.60 


+.02 


0.000 


14.30 


+ .03 


0.000 


14.30 


+ .07 


0.000 


14.54 


+.02 


I 


0.027 


14.27 


+.04 


0.019 


14.62 


+.06 


0.020 


14.33 


+ .08 


0.025 


14.37 


+ .07 


0.025 


14.56 


+.05 


2 


0.054 


14-31 


+.09 


0.039 


14.68 


+.05 


0.039 


14.41 


+ .18 


0.051 


14.44 


+ .08 


0.050 


14.61 


+.08 


3 


0.081 


14.40 


+.15 


0.058 


14.73 


+.11 


0.059 


14.59 


+ .21 


0.076 


14.52 


+ .11 


0.076 


14.69 


+ .12 


4 


0.108 


14-55 


+.14 


0.077 


14.84 


+.14 


0.078 


14.80 


+ .16 


0.102 


14.63 


+ .09 


O.IOI 


14.81 


+ .11 


S 


0-I35 


14.69 


+.16 


0.097 


14.98 


+ .11 


0.098 


14.96 


+ .12 


0.127 


14.72 


+ .10 


0.126 


14.92 


+.09 


6 


0.162 


14.85 


+.10 


0.II6 


15.09 


+.10 


0.II7 


15.08 


+ .12 


0.152 


14.82 


+ .06 


0.151 


15.01 


+ .08 


7 


0.189 


14-95 


+.11 


0-135 


15-19 


+.05 


0.137 


15.20 


+ .11 


0.178 


14.88 


+ .08 


0.176 


15.09 


+ .09 


8 


0.216 


15.06 


+.10 


0.155 


15.24 


+.07 


0.157 


15-31 


+ .11 


0.203 


14.96 


+ .06 


0.202 


15.18 


+ .06 


9 


0.243 


15-16 


+.06 


0.174 


15-31 


+.04 


0.176 


15-42 


+ .08 


0.229 


15.02 


+ .06 


0.227 


15.24 


+ .05 


10 


0.270 


15.22 


+.06 


0.193 


15-35 


+.06 


0.196 


15-50 


+ .07 


0.254 


15.08 


+ .06 


0.252 


15-29 


+ .05 


II 


0.297 


15.28 


+.05 


0.213 


15-41 


+.02 


0.215 


15-57 


+ .05 


0.279 


15-14 


+.05 


0.277 


15-34 


+ .04 


12 


0.324 


15-33 


+.05 


0.232 


15.43 


+ .01 


0.235 


15.62 


+ .05 


0.305 


15-19 


+ .03 


0.302 


15.38 


+ .02 


13 


0-3SI 


15.38 


+.03 


0.251 


15-44 


+.02 


0.255 


15-67 


+ .03 


0.330 


15.22 


+ .04 


0.328 


15.40 


+ .03 


14 


0.378 


15-41 


+.02 


0.271 


15.46 


+.01 


0.274 


15-70 


+ .02 


0.356 


15.26 


+ .02 


0.353 


15-43 


+ .01 


IS 


0.405 


15-43 


+.03 


0.290 


15.47 


.00 


0.294 


15.72 


+ .02 


0.381 


lS-28 


+ .01 


0.378 


15-44 


+ .02 


16 


0.432 


15.46 


+.02 


0.309 


15.47 


+.01 


0.313 


15-74 


+ .01 


0.406 


15-29 


+ .01 


0.403 


15.46 


+ .01 


17 


0.4S9 


15.48 


+.02 


0.329 


15-48 


— .01 


0.333 


15-75 


— .01 


0.432 


15-30 


.00 


0.428 


15-47 


+ .01 


18 


0.486 


1550 


.00 


0.348 


15-47 


.00 


0.352 


15-74 


-.03 


0.457 


15-30 


.00 


0.454 


15.48 


.00 


19 


0-513 


15-50 


— .01 


0.367 


15-47 


--03 


0.372 


15-71 


— .09 


0.483 


15-30 


+ .01 


0.479 


15.48 


.00 


20 


0.540 


15.49 


— .09 


0.387 


15-44 


— .06 


0.392 


15.62 


-.14 


0.508 


15-31 


— .10 


0.504 


15.48 


— .04 


21 


0.567 


15.40 


— .60 


0.406 


15-38 


— .10 


0.41 1 


15.48 


-.74 


0.533 


15.21 


-.37 


0.529 


15-44 


-.44 


22 


0.594 


14.80 


--51 


0.425 


15-28 


— .40 


0.431 


14.74 


-.33 


0.559 


14.84 


-.35 


0.554 


15-00 


-.42 


23 


0.621 


14.29 


— .09 


0.445 


14.88 


-.28 


0.450 


14.41 


— .11 


0.584 


14.49 


-.19 


0.580 


14.58 


— .04 




No. 24 


No. 26 


No. 27 


No. 28 


No. 29 




d. 






d. 






d. 






d. 






d. 









0.000 


14.40 


+.08 


0.000 


14.34 


+.07 


0.000 


14.48 


+ .01 


0.000 


14.45 


+ .06 


0.000 


14.50 


+ .04 


I 


0.020 


14.48 


+.09 


0.026 


14.41 


+.12 


0.020 


14.49 


+ .03 


0.023 


14.51 


+ .08 


0.019 


14.54 


+ .06 


2 


0.040 


14-57 


+.12 


0.052 


14.53 


+.10 


0.039 


14.52 


+ .04 


0.045 


14.59 


+ .10 


0.038 


14.60 


+ .11 


3 


0.060 


14.69 


+.15 


0.078 


14.63 


+.10 


0.059 


14.56 


+ .06 


0.068 


14.69 


+•13 


0.056 


14.71 


+ .11 


4 


0.080 


14.84 


+.16 


0.104 


14.73 


+.11 


0.078 


14.62 


+ .07 


0.091 


14.82 


+ .10 


0.075 


14.82 


+ .12 


5 


O.IOO 


15.00 


+.12 


0.130 


14.84 


+.08 


0.098 


14.69 


+ .10 


0.113 


14.92 


+ .10 


0.094 


14.94 


+ .09 


6 


0.120 


15.12 


+.09 


0.156 


14.92 


+.08 


O.I18 


14.79 


+ .12 


0.136 


15.02 


+ .13 


O.II3 


15-03 


+ .09 


7 


0.140 


15.21 


+.09 


0.182 


15.00 


+.07 


0.137 


14.91 


+ .12 


0.159 


15.15 


+ .09 


0.132 


15.12 


+ .07 


8 


0.159 


15-30 


+.06 


0.208 


15.07 


+.07 


0.157 


15-03 


+ .11 


0.181 


15.24 


+ .10 


0.150 


15.19 


+.05 


9 


0.179 


15.36 


+.04 


0.233 


15-14 


+.05 


0.176 


15-14 


+ .14 


0.204 


15.34 


+ .07 


0.169 


15.24 


+ .06 


10 


0.199 


15.40 


+.04 


0.259 


15-19 


+.05 


0.196 


15-28 


+ .10 


0.227 


15-41 


+ .07 


0.188 


15-30 


+ .06 


II 


0.219 


15-44 


+.03 


0.285 


15-24 


+.05 


0.216 


15.38 


+ .07 


0.249 


15.48 


+ .06 


0.207 


15-36 


+ .03 



i68 
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Part 


Phue 


Magn. 


A 


PhAM 


Magn. 


A 


Phase 


Magn. 


A 


Phase 


Magn. 


A 


Phase 


Magn. 


A 




No. 24 


No. 26 


No. 27 


No. 28 


No. 29 




d. 






d. 






d. 






d. 






d. 






12 


0.239 


15-47 


+.01 


0.3 1 1 


15.29 


+ .03 


0.235 


15.45 


+ .07 


0.272 


IS-S4 


+.06 


0.226 


15.39 


+.04 


13 


0.2S9 


15.48 


+.01 


0.337 


15.32 


+ .02 


0.255 


15.52 


+ .02 


0.295 


15-60 


+ .04 


0.245 


15.43 


+.03 


14 


0.279 


15-49 


+.01 


0.363 


15.34 


+ .02 


0.274 


15.54 


+ .02 


0.317 


15-64 


+ .04 


0.263 


15.46 


+.02 


15 


0.299 


15-50 


.00 


0.389 


15.36 


+ .01 


0.294 


15.56 


+.02 


0.340 


15-68 


+ .02 


0.282 


15.48 


+.01 


16 


0.319 


15-50 


.00 


0.415 


15.37 


+ .01 


0.314 


15.58 


.00 


0.363 


15-70 


+ .01 


0.301 


15-49 


.00 


17 


0-339 


15-50 


.00 


0.441 


15-38 


+ .01 


0.333 


15.58 


.00 


0.385 


15-71 


.00 


0.320 


15-49 


— .01 


18 


0-3S9 


15-50 


— .02 


0.467 


15-39 


+ .01 


0.353 


15.58 


— .02 


0.408 


15-71 


+ .01 


0.339 


15.48 


— .02 


19 


0-379 


15.48 


-.03 


0.493 


15-40 


.00 


0.372 


15.56 


-.05 


0.431 


15-72 


— .01 


0.357 


15.46 


-.05 


20 


0-399 


15-45 


-.07 


0.519 


15.40 


— .04 


0.392 


15.51 


— .11 


0.453 


15-71 


-.03 


0.376 


15-41 


— .11 


21 


0.419 


15.38 


-.30 


0.545 


15.36 


-.18 


0.412 


15.40 


-.19 


0.476 


15-68 


-.38 


0.395 


15-30 


-.18 


22 


0.439 


15.08 


-.42 


0.571 


15-18 


-.75 


0.431 


15.21 


— .40 


0.499 


15-30 


-.68 


0.414 


15.12 


— .60 


23 


0.458 


14.66 


-.26 


0.597 


14.43 


— .09 


0.451 


14.81 


-.33 


0.521 


14.62 


-.17 


0.433 


14.52 


— .02 




No. 30 


No. 31 


No. 32 


No. 33 


No. 34 




d. 






d. 






d. 






d. 






d. 









0.000 


14.60 


+.03 


0.000 


14.66 


+.02 


0.000 


14.16 


+.13 


0.000 


14-34 


+.09 


0.000 


14.42 


+.08 


I 


0.025 


14.63 


+.05 


0.019 


14.68 


+.04 


0.019 


14.29 


+.19 


0.021 


14-43 


+.17 


0.024 


14.50 


+ .11 


2 


0.049 


14.68 


+.06 


0.038 


14.72 


+.09 


0.038 


14.48 


+ .19 


0.042 


14.60 


+.15 


0.047 


14.61 


+.12 


3 


0.074 


14.74 


+.08 


0.058 


14.81 


+ .11 


0.057 


14.67 


+ .15 


0.063 


14-75 


+.16 


0.071 


14.73 


+.09 


4 


0.099 


14.82 


+.08 


0.077 


14.92 


+.20 


0.076 


14.82 


+.14 


0.084 


14.91 


+.12 


0.095 


14.82 


+.09 


S 


0.123 


14.90 


+.07 


0.096 


15.12 


+.16 


0.095 


14.96 


+ .14 


0.104 


15-03 


+.12 


O.I18 


14.91 


+.07 


6 


0.148 


14.97 


+.07 


0.II5 


15-28 


+ .04 


O.II4 


15.10 


+ .10 


0.125 


15-15 


+.12 


0.142 


14.98 


+.06 


7 


0.173 


15.04 


+.07 


0.135 


15.32 


.00 


0.134 


15.20 


+ .10 


0.146 


15-27 


+.09 


0.166 


15.04 


+.06 


8 


0.197 


I5-" 


+.08 


0.154 


15.32 


— .04 


0.153 


15.30 


+ .08 


0.167 


15-36 


+.08 


0.189 


15.10 


+.09 


9 


0.222 


15.19 


+.05 


0.173 


15.28 


-.14 


0.172 


15.38 


+ .04 


0.188 


15.44 


+.07 


0.213 


15.19 


+.06 


10 


0.247 


15-24 


+.04 


0.192 


15.14 


— .21 


O.I9I 


15.42 


+.07 


0.209 


15-51 


+.07 


0.237 


15.25 


+.07 


II 


0.271 


15-28 


+.04 


0.212 


14.93 


-.14 


0.210 


15.49 


+.03 


0.230 


15-58 


+.05 


0.260 


15.32 


+ .06 


12 


0.296 


15-32 


+.05 


0.231 


14.79 


-.07 


0.229 


15.52 


+.03 


0.251 


1563 


+.05 


0.284 


15.38 


+ .02 


13 


0.321 


15-37 


+.03 


0.250 


14.72 


.00 


0.248 


15.55 


+ .03 


0.272 


15-68 


+.02 


0.308 


15.40 


+.03 


14 


0.345 


15.40 


+.03 


0.269 


14.72 


+ .05 


0.267 


15.58 


+.01 


0.293 


15-70 


+.01 


0.331 


15-43 


+ .03 


IS 


0.370 


15-43 


+.03 


0.289 


14.77 


+ .25 


0.286 


15.59 


+ .01 


0.313 


15-71 


+.01 


0.355 


15.46 


+.01 


16 


0.395 


15.46 


+.02 


0.308 


15.02 


+ .21 


0.305 


15.60 


.00 


0.334 


15-72 


+.01 


0.379 


15.47 


+.01 


17 


0.419 


15.48 


+.01 


0.327 


15.23 


+ .11 


0.324 


15.60 


.00 


0.355 


15-73 


+.01 


0.402 


15.48 


.00 


18 


0.444 


15.49 


+.01 


0.346 


15.34 


+ .04 


0.343 


15.60 


— .01 


0.376 


15-74 


+.01 


0.426 


15.48 


— .04 


19 


0.469 


15-50 


.00 


0.366 


15.38 


— .01 


0.362 


15.59 


-.05 


0.397 


15-75 


.00 


0.450 


15.44 


— .10 


20 


0.493 


15.50 


.00 


0.385 


15.37 


-.14 


0.381 


15.54 


-.13 


0.418 


15-75 


— .02 


0.473 


15.34 


-.25 


21 


0.518 


15-50 


-.16 


0.404 


15.23 


— .22 


0.401 


15.41 


-.41 


0.439 


15-73 


-.41 


0.497 


15.09 


--50 


22 


0.543 


15.34 


-.45 


0.423 


15.01 


-.23 


0.420 


15.00 


-.71 


0.460 


15-32 


-.58 


0.521 


14.59 


-.18 


23 


0.568 


14.89 


-.29 


0.443 


14.78 


— .12 


0.439 


14.29 


-.13 


0.481 


14.74 


— .40 


0.544 


14.41 


+.01 
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Part 



Phue 



M^ gn 



No. 35 



PhAM 



M^ gn 



No. 37 



PhAM 



Magn. 



No. 38 



Phue 



M^ ft g ^r 



No. 39 



Phue 



Magn. 



No. 41 



O 

I 
2 

3 
4 

S 
6 

7 
8 

9 
10 

II 

12 

13 
14 

IS 
16 

17 
18 

19 
20 

21 

22 

23 



0.000 
0.026 

0.051 
0.077 
0.103 
0.128 
0.154 
0.180 
0.206 
0.231 
0.257 
0.283 
0.308 

0.334 
0.360 

0.385 
0.41 1 

0.437 
0.463 
0.488 
0.514 
0.540 

0.565 
0.591 



14.62 
14.64 

14.73 
14.90 

15.09 

15-19 

15-23 
15.20 

15.06 

14.85 

14.73 
14.68 

14.67 

14.69 

14.77 
14.91 

15-08 

15-18 
15-21 

15-19 
15.09 

14.92 

14.72 

14.66 



+ .02 
+ .09 

+ -I7 

+ .19 

+ .10 

+ .04 

--03 
-.14 

— .21 

— .12 

--05 

— .01 

+ .02 
+ .08 

+ .14 

+ -I7 
+ .10 

+.03 

— .02 

— .10 
-.17 

— .20 

— .06 

— .04 



d. 
0.000 

0.020 

0.041 

0.061 

0.081 

0.102 

0.122 

0.143 

0.163 

0.183 

0.204 

0.224 

0.244 

0.265 

0.285 

0-305 
0.326 

0.346 

0.367 

0.387 
0.407 

0.428 

0.448 

0.468 



14.10 
14.24 

14.39 

14-57 

14.73 
14.94 

15.12 

15-26 

15.38 
15.48 

15-53 
15-60 

15.64 
15-68 
15-70 

15-73 
15-74 
15-76 
15-76 
15-76 

15.75 
15.70 
15.22 

14.33 



+.14 

+-15 
+.18 

+.16 

+.21 

+.18 

+.14 
+.12 

+.10 

+.05 

+.07 

+.04 
+.04 
+.02 
+.03 
+.01 
+.02 
.00 
.00 
— .01 

-.05 
-.48 

-.89 
--23 



d, 
0.000 

0.020 

0.039 

0.059 

0.078 

0.098 

O.I18 

0.137 

0.157 
0.176 

0.196 

0.216 

0.235 

0.255 
0.274 

0.294 

0.314 

0.333 
0.353 
0.372 
0.392 
0.412 
0.431 
0.451 



14.34 
14.40 

14.49 

14.64 

14.77 
14.86 

14.97 

15-07 

15-14 

15.23 

15-29 

15-34 
15.40 

15-44 
15.48 

15-49 
15-50 

15-51 
15-51 
15-51 
15-50 

15-44 
15.22 

14.70 



+ .06 
+ .09 

+ .15 

+ .13 
+ .09 

+ .11 
+.10 

+ .07 
+ .09 
+ .06 
+ .05 
+ .06 

+ .04 
+ .04 
+ .01 
+ .01 
+ .01 
.00 
.00 

— .01 

— .06 

— .22 
-.52 
-.36 



d, 
0.000 

0.025 

0.049 

0.074 

0.098 

0.123 

0.147 

0.172 

0.196 

0.221 

0.245 

0.270 

0.295 

0.319 

0.344 
0.368 

0.393 
0.417 

0.442 

0.466 

0.491 

0.515 
0.540 

0.564 



14-13 
14.24 

14-37 

14-51 
14.64 

14.78 

14.89 

15.01 

15-10 

15.20 

15-29 
15-35 
15-41 
15-47 
15-50 

15.53 
15.56 

15.57 
15.57 
15.56 
15.52 
15.28 
14.69 
14.19 



+ .11 

+ .13 
+ .14 

+-X3 
+.14 
+.11 
+.12 

+.09 
+.10 
+.09 
+.06 
+.06 
+.06 
+.03 
+.03 
+.03 
+.01 
.00 

— .01 

— .04 
-.24 

-•59 
-.50 

— .06 



d, 
0.000 

0.020 

0.041 

0.061 

0.081 

0.102 

0.122 

0.142 

0.163 

0.183 

0.204 

0.224 

0.244 

0.265 

0.285 

0.305 
0.326 

0.346 
0.366 

0.387 
0.407 

0.427 

0.448 

0.468 



14.10 

14.17 
14.30 

14.48 

14.69 

14.90 

15.03 
15.17 
15.29 

15-39 
15.46 

15-51 

15-57 
15.62 

15.64 
15-66 

15-67 

15-67 
15-68 

15-67 
15.64 

15-49 
14.90 

14.27 



+.07 

+.13 
+.18 

+.21 

+.21 

+.13 
+.14 
+.12 
+.10 
+.07 
+.05 
+.06 
+.05 
+.02 
+.02 
+.01 
.00 
+.01 
— .01 
-.03 

-.15 
-.59 
-.63 
-.17 



No. 42 



No. 43 



No. 44 



No. 45 



No. 47 



o 
I 
2 

3 

4 

5 
6 

7 
8 

9 
10 

II 



d, 
0.00 

1.07 

2.15 
3.22 

4.29 

5-36 

6.44 

7-51 
8.58 

9.66 

10.73 
11.80 



11.20 
11.22 
11.25 
11.30 
11.36 
11.42 
11.49 

11.58 
11.67 
11.78 
11.89 
11.99 



+ .02 
+ .03 
+ .05 
+ .06 
+ .06 
+ .07 
+ .09 
+ .09 

+ .11 
+ .11 
+ .10 

+ .08 



d, 
0.000 

0.028 

0.055 
0.083 

O.IIO 

0.138 

0.165 

0.193 

0.220 

0.248 

0.275 
0.303 



14.68 
14.70 
14.76 
14.83 
14.91 
14.98 
15.04 
15.09 

15-15 
15-19 
15-24 
15-28 



+ .02 
+ .06 
+ .07 
+ .08 
+ .07 
+ .06 
+.05 
+ .06 

+ .04 
+ .05 
+ .04 
+ .04 



d. 
0.000 

0.021 

0.041 

0.062 

0.083 

0.103 

0.124 

0.145 
0.165 

0.186 

0.207 

0.227 



14.67 
14.68 

14.72 
14.79 
14.92 
15-06 

15-13 
15-17 

15-17 
15-08 
14.97 
14.82 



+ .01 

+ .04 
+ .07 

+ .13 

+ .14 
+ .07 

+ .04 
.00 

— .09 

— .II 

-.15 

— .12 



d. 
0.000 

0.026 

0.051 

0.077 

0.103 

0.128 

0.154 
0.180 

0.206 

0.231 

0.257 

0.283 



14-37 
14.38 

14.43 

14.51 
14.61 

14.69 

14.79 
14.88 

14.94 

15.01 

15-07 

15.13 



+ .01 
+ .05 
+ .08 
+ .10 
+ .08 
+ .10 
+ .09 
+ .06 
+ .07 
+ .06 
+ .06 
+ .05 



d, 
0.000 

0.022 

0.045 

0.067 

0.090 

O.II2 

0.135 

0.157 
0.180 

0.202 

0.225 

0.247 



14.28 
14.30 
14.40 

14-52 
14.68 
14.81 
14.92 
15.02 

15-13 
15-23 
15-32 

15-39 



+.02 
+.10 
+.12 
+.16 

+-13 
+.11 
+.10 

+.11 
+.10 
+.09 
+.07 
+.09 
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Part 


PhAM 


Magn. 


A 


PhAM 




A 


Phue 


Magn. 


A 


Phase 


Magn. 


A 


Phase 


Magn. 


A 




No. 42 


No. 43 


No. 44 


No. 45 


No. 47 


12 

13 
14 

15 
16 

17 

18 

19 
20 

21 

22 

23 


• d, 
12.88 

13-95 
15-02 
16.10 

17.17 
18.24 

19-31 
20.39 

21.46 

22.53 
23.61 

24.68 


12.07 
12.13 
12.17 
12.19 
12.21 
12.23 
12.24 
12.23 
12.17 
12.03 

11-45 
11.23 


+ .06 

+ .04 
+ .02 

+ .02 

+ .02 

+ .01 

— .01 

— .06 
-.14 

-.58 

— .22 

-.03 


d. 

0.330 
0-358 

0-385 
0.413 

0.440 

0.468 

0.495 
0.523 
0.550 
0-578 
0.605 

0.633 


15.32 
15-34 
15-37 
15-39 
15-41 
15-43 
15-43 
15-32 

15.05 
14.86 

14.73 
14.69 


+.02 

+-03 
+.02 
+.02 
+.02 
.00 

— .11 
-.27 
-.19 

-.13 

— .04 

— .01 


d, 
0.248 

0.269 

0.289 

0.310 

0-331 

0.351 
0.372 

0.393 
0.413 

0.434 
0.454 
0.475 


14.70 
14.66 
14.69 
14.78 

14.93 
15-08 

15.16 

15.22 

15-23 

15-19 
15.08 

14.83 


— .04 
+ .03 
+ .09 

+ -I5 

+ -I5 
+ .08 

+ .06 

+ .01 

— .04 

— .11 

--25 
-.16 


d, 
0.308 

0.334 
0.360 

0.385 
0.41 1 

0-437 
0.462 

0.488 

0.514 
0.540 

0-565 
0.591 


15.18 
15.22 
15-28 

15-31 
15-34 
15-37 
15-38 

15-39 
15.40 

15-37 
15-14 
14-73 


I 

+.04 

+.06 

+-03 
+.03 
+.03 

+.01 
+.01 
+.01 

--03 

-•23 
-.41 

-.36 


d. 
0.270 

0.292 

0.315 

0.337 
0.360 

0,382 

0.405 

0.427 

0.450 
0.472 

0.495 
0.517 


15.48 

15-54 
15-59 
1564 
15.69 

15-72 
15.74 
15-76 
15-78 
15-76 
15-56 
15.02 


+ .06 
+ -05 

+ -05 
+.05 

+ .03 
+.02 
+ .02 
+ .02 

— .02 

— .20 

--54 
-•74 




No. 50 


No. 52 


No. 55 


No. 56 


No. 58 



I 
2 

3 

4 

5 
6 

7 
8 

9 
10 

II 

12 

13 
14 

15 
16 

17 
18 

19 
20 

21 

22 

23 


d, 
0.0 

4.4 

8.8 

13-3 
17.7 

22.1 

26.5 

30-9 
35-3 
39-8 
44-2 
48.6 

53-0 

57-4 
61.8 

66.3 

70.7 

75-1 

79-5 

83.9 
88.3 

92.8 

97-2 
101.6 


13.00 
13.04 
13. II 
13-18 
13.29 
13.40 

13-51 
13-62 

13-74 

13.85 

13.95 
14.04 

14.09 

14-13 
14.16 

14.18 

14.19 

14.20 

14.19 

14.16 

14.08 

13-73 
13.22 

13.04 


+ .04 
+ .07 
+ .07 

+ .11 
+ .11 
+ .11 
+ .11 
+ .12 

+ .11 
+ .10 

+ .09 
+ .05 
+ .04 
+ .03 
+ .02 
+ .01 
+ .01 
— .01 
-.03 
-.08 

--35 

-.51 
-.18 

— .04 


0.000 
0.021 
0.042 
0.063 
0.084 
0.105 
0.125 
0.146 
0.167 
0.188 
0.209 
0.230 
0.251 
0.272 
0.293 
0.314 

0-335 
0-355 
0.376 

0.397 
0.418 

0.439 
0.460 

0.481 


14.25 
14.30 

14.40 

14.53 
14.66 

14.78 
14.89 
14.98 
15.08 
15-16 
15-22 
15-28 
15-32 
15-36 
15-38 
15-39 

15-39 
15.40 

15.40 

15-40 

.15-40 

15-36 
14.72 

14.29 


+-OS 

+ .10 

+ -I3 
+ -I3 

+ .12 

+ .11 
+ .09 
+ .10 
+ .08 
+ .06 
+ .06 
+ .04 
+ .04 
+ .02 

+ .01 
.00 

+ .01 
.00 
.00 
.00 

-.04 
— .64 

--43 
— .04 


d. 
0.000 

0.020 

0.041 

0.061 

0.082 

0.102 

0.123 

0.143 
0.164 

0.184 

0.204 

0.225 

0.245 

0.266 

0.286 

0.307 

0.327 
0.348 

0.368 

0.388 

0.409 

0.429 

0.450 
0.470 


14.75 
14.78 

14.83 
14.90 

14.95 
15-01 

15-07 
15-II 
1514 
15-18 

15-19 
15.21 

15.22 

15-23 
15-24 
15-25 
15-24 

15-23 
15-22 
15.21 

15-19 

15-14 
15.02 

14.82 


+ .03 

+ .05 

+ .07 

+ -05 
+ .06 

+ .06 

+ .04 
+ .03 

+ .04 
+ .01 
+ .02 
+ .01 
+ .01 
+ .01 
+ .01 

— .01 

— .01 

— .01 

— .01 

— .02 

--05 

— .12 

— .2C 
-.07 


d. 
0.000 

0.022 

0.045 

0.067 

0.089 

O.III 

0.134 
0.156 

0.178 

0.201 

0.223 

0.245 

0.267 

0.290 

0.312 

0.334 
0.356 

0.379 
0.401 

0.423 

0.446 

0.468 

0.490 

0.512 


14-34 
14.47 

14.63 

14.79 

14.89 

15-01 
15.09 

15-17 
15-23 
15-32 
15-38 
15.44 
15-50 

15-54 
15-56 
15-58 

15-59 
15.60 

15.60 

15-59 

15-49 
15-28 
14.91 
14.50 


+-I3 

+.16 
+.16 

+ .10 
+ .12 
+ .08 
+ .08 
+ .06 
+ .09 
+ .06 
+ .06 
+ .06 

+ .04 
+ .02 
+ .02 
+ .01 
+ .01 
.00 

— .01 

— .10 

— .21 

-.37 
-.41 

-.16 


d, 
0.000 

0.020 

0.041 

0.061 

0.082 

0.102 

0.123 

0.143 
0.164 

0.184 

0.205 

0.225 

0.246 

0.266 

0.287 

0.307 
0.328 

0.348 
0.369 
0.389 
0.410 
0.430 
0.451 
0.471 


14.10 
14.19 

14.34 
14-54 
14.74 
14.90 
15.04 

15-14 
15.23 
15-29 
15-34 

15-39 
15-42 
15.46 

15-49 
15-52 
15-54 
15-56 
15-56 

15-54 
15.46 

15-22 

14.84 

14-39 


+.09 

+-IS 
+.20 

+.20 

+.16 

+ .14 
+ .10 

+.09 

+.06 

+.05 
+ .05 

+.03 
+.04 
+.03 
+.03 
+.02 
+.02 
.00 
— .02 
-.08 
-.24 
--38 

--45 
-.29 



MISCELLANEOUS RESULTS 
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Part 


Phue 


Macn. 


A 


• 
PhAM 




A 


PhAM 




A 


Phue 


Magn. 


A 


Phase 


Magn. 


• 




No. 59 


NOa6l 


No. 62 


No. 63 


No. 64 



I 
2 

3 

4 

5 
6 

7 
8 

9 
10 

II 

12 

13 
14 

15 
16 

17 
18 

19 

20 

21 
22 

^3 


0.000 
0.023 
0.04s 
0.068 
0.090 
O.II3 
0.136 
0.158 
O.181 
0.203 
0.226 
0.248 
0.271 
0.294 
0.316 

0.339 
0.361 

0.384 

0.407 

0.429 

0.452 

0.474 
0.497 

0.519 


14.26 

14.33 
14.49 

14.64 

14.77 
14.89 

15.00 

15.08 

15.17 

15-23 

15-29 

15-33 

15.38 

15.39 
15.40 

15.41 
1542 

1543 

15-44 

15-44 

15-43 

15-41 
15-20 

14.70 


• 

+.07 
+.16 

+.15 

+.13 
+.12 

+.11 
+.08 

+.09 
+.06 
+.06 
+.04 

+.05 
+.01 

+.01 
+.01 
+.01 
+ .01 
+.01 
.00 

— .01 

— .02 

— .21 

--50 
--44 


d. 

0.000 
0.024 

0.047 

0.071 

0.095 
0.II8 

0.142 
0.166 
0.190 

0.213 

0.237 

0.261 
0.284 
0.308 

0.332 
0.355 
0.379 

0.403 

0.426 

0.450 
0.474 

0.498 

0.521 

0.545 


14.46 

14.52 
14.62 

14.76 
14.86 
14.96 

15.07 
15.16 

15.26 

15-35 
15-42 
15-46 
15.48 

15.51 

15-52 

15.52 

15.52 

15-52 

15.52 

15.52 

15.50 

15.29 
14.86 

14.59 


+ .06 
+ .10 

+ .14 
+ .10 

+ .10 

+.11 
+ .09 
+ .10 

+ .09 
+ .07 

+ .04 
+ .02 

+ .03 
+ .01 
.00 
.00 
.00 
.00 
.00 

— .02 

— .21 

--43 
-.27 

-.13 


d. 

0.000 

0.023 

0.047 
0.070 
0.094 
0.II7 
0.I4I 
0.164 

0.188 

0.2II 

0.235 
0.258 

0.281 

0.305 
0.328 

0.352 
0.375 

0.399 
0.422 

0.446 

0.469 

0.492 

0.516 

0.539 


14.70 

14.71 

14.73 

14-7/ 
14.83 

14-93 
15.05 

15.17 
15-28 

15-34 

15-34 
15.22 

14.90 

14.77 
14.72 

14.77 
14.87 

15.01 
15.22 

15.30 
15-32 
15-26 
15.12 
14.88 


+.01 
+.02 

+.04 
+.06 
+.10 
+.12 
+.12 

+.11 
+.06 

.00 

— .12 
--32 
-"-13 
--05 
+ .05 
+ .10 

+ .14 
+ .21 

+ .08 

+ .02 

— .06 
-.14 

-.24 
-.18 


d. 
0.000 

0.021 

0.041 

0.062 

0.083 

0.104 

0.124 

0.145 
0.166 

0.187 

0.207 

0.228 

0.249 

0.270 

0.290 

0.311 

0.332 

0.353 

0.373 

0.394 
0.415 

0.435 
0.456 

0.477 


14.23 
14.32 

14.43 
14.58 

14-74 
14.89 

15-03 
15.16 

15-27 
15.37 
15.43 
15-47 
15-51 
15-52 

15-54 

15-55 

15.57 

15.57 

15-57 

15-56 

15-50 

15-23 
14.88 

14-54 


+.09 

+.11 

+-15 
+.16 

+.15 
+.14 
+-13 
+.11 
+.10 

+.06 
+.04 
+.04 
+.01 
+.02 
+.01 
+.02 
.00 
.00 

— .01 

— .06 
-.27 

--35 
--34 
--31 


d, 
0.000 

0.023 

0.045 

0.068 

0.091 

O.II3 
0.136 

0.159 
0.182 

0.204 

0.227 

0.250 

0.272 

0.295 
0.318 

0.340 

0.363 
0.386 

0.408 

0.431 
0.454 

Oa476 

0.499 
0.522 


14.40 
14.46 

14.57 
14.70 

14-85 
14.99 
15-11 
15.24 
15.36 
15.43 
15.49 
15.55 

15-59 

15.61 
15.64 
15-67 
15.69 
15.70 
1570 
15.70 
15.70 
15.67 

15.12 
14.51 


+.06 

+.11 

+-13 
+-15 

+.14 

+ .12 

+ -13 
+ .12 

+ .07. 
+ .06 
+ .06 
+ .04 
+ .02 

+ .03 
+ .03 
+ .02 
+ .01 

aOO 

.00 
.00 

-•03 

-•55 
-.61 

— .n 




No. 65 


No. 66 


No. 68 


No. 69 


No. 70 



I 
2 

3 

4 

5 
6 

7 
8 

9 
10 

II 


d. 
0.000 

0.020 

0.040 

0.060 

0.080 

O.IOO 

0.120 

0.140 

0.160 

0.180 

0.200 

0.220 


14.36 

14.37 
14.40 

14.43 

14.47 

14.55 
14.65 

14.76 

14.87 

14.97 

15.06 

15-15 


+.01 
+.03 
+.03 
+.04 
+.08 
+.10 
+.10 

+.11 
+.11 

+ .XO 

+.09 
+.09 


d, 
0.000 

0.029 

0.059 

0.088 

O.II7 

0.146 

0.176 

0.205 

0.234 

0.263 

0.293 

0.322 


14.71 
14.70 
14.72 
14.78 
14.86 

14.95 
15-04 

15-13 
15-18 

15-12 

14.91 

14.76 


— .01 
+.02 
+.06 
+.08 
+.09 
+.09 
+.09 
+.05 

— a06 

— a2I 

-.15 

— .06 


0.000 
0.021 
0.042 
0.063 
0.084 
0.105 
0.126 
0.146 
0.167 
0.188 
0.209 
0.230 


14.75 

14-77 
14.79 

14.82 

14.85 

14.89 

14.92 

14.97 
15.00 

15-03 
15-08 

15-11 


+ .02 

+ a02 
+ .03 
+ .03 

+ .04 
+ .03 

+ -05 
+ .03 

+ .03 

+ .05 
+ .03 
+ .02 


d, 
0.000 

0.021 

0.041 

0.062 

0.082 

0.103 

0.124 

0.144 

0.165 

0.186 

0.206 

0.227 


14.17 
14.18 

14-24 
14.37 
14.50 

14.65 
14.78 
14.89 

15-01 
15-12 
15-22 

15.31 


+.01 
+.06 

+-13 
+-13 
+.15 
+ .13 
+ .11 
+.12 

+.11 
+.10 
+.09 
+ .05 


d. 
0.000 

0.023 

0.047 

0.070 

0.093 

O.I16 

0.140 

0.163 

0.186 

0.209 

0.233 

0.256 


14.40 

14-52 

14.64 
14.80 

14-93 
15.06 

15.16 
15-24 
15-30 

15-35 
15-40 

15-43 


+." 
+.12 
+.i6 

+.13 
+.13 

+ .10 
+ .08 
+ .06 
+ .05 
+ .05 
+ .03 
+ .03 
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Part 



Phue 



Magn. 



Phue 



Magn. 



Phase 



Magn. 



Phaae 



Magn. 



Phase 



M^ gn 



No. 6$ 



No. 66 



No. 68 



No. 69 



No. 70 



13 

14 

IS 
16 

17 
18 

19 
20 

21 

22 

23 



d. 
0.240 

0.260 

0.280 

0.300 

0.320 

0.340 

0.361 

0.381 

0.401 

0.421 

0.441 

0.461 



15-24 
15-32 
15.38 
15.43 
15-47 
15.49 
1550 
15-52 
15-52 
15.49 
15.27 
14.57 



+ .09 
+.08 
+ .06 

+ -05 
+ .04 
+ .02 

+ .01 
.00 

-.03 

— .22 

-.70 

— .21 



d. 

0.351 
0.380 

0.410 

0.439 
0.468 

0.497 
0.527 
0.556 

0.585 
0.614 

0.644 

0.673 



14.70 
14.69 

14.72 
14.78 
14.86 
14.96 

15.07 
15." 
15.II 

15.07 

14.95 
14.78 



— .01 
+ .03 
+ .06 
+ .08 
+ .10 

+ .11 
+ .04 

.00 

— .04 

— .12 
-.17 

-.07 



d. 
0.251 

0.272 

0.293 

0.314 

0.335 
0.356 

0.377 
0.398 

0.418 

0.439 
0.460 

0.481 



15.13 

15.17 
15.20 

15.22 

15.23 
15.22 

15.19 
15.12 

15.01 
14.92 

14.83 
14.78 



+ .04 
+ .03 
+ .02 
+ .01 

— .01 
-.03 
-.07 

— .II 

— .09 

— .09 

-.05 
-.03 



d, 
0.247 

0.268 
0.289 
0.309 
0.330 
0.351 

0.371 
0.392 

0.412 

0.433 
0.454 
0.474 



15.36 

15.39 
15.42 

15.43 
15.43 
15.44 
15.43 

15.43 
15.42 

15.34 
14.96 

14.44 



+ .03 
+ .03 
+ .01 
.00 
+ .01 

— .01 
.00 

— .01 
-.08 

-.38 
-.52 
-.27 



0.279 

0.303 
0.326 

0.349 
0.372 

0.396 

0.419 

0.442 

0.465 

0.489 

0.512 

0.535 



15.46 
15.48 
15.48 

15-49 
15.49 

15.50 

15.50 
15.48 

15.41 
15.08 
14.68 
14.46 



+.02 
.00 

+.01 
.00 

+.01 
.00 

— .02 
-.07 

-.33 

— .40 

— .22 

— .06 



No. 71 



No. 72 



No. 75 



No. 77 



No. 79 



o 
I 
2 

3 
4 

5 
6 

7 
8 

9 
10 

II 

12 

13 
14 

15 
16 

17 

18 

19 
20 

21 

22 

23 



d. 
0.000 

0.021 

0.042 

0.063 

0.084 

0.105 

0.126 

0.147 

0.167 

0.188 

0.209 

0.230 

0.251 

0.272 

0.293 

0.314 

0.335 
0.356 

0.377 
0.398 

0.419 

0.440 

0.461 

0.482 



4.26 

4.31 
4.46 

4.64 

4.82 

4.94 

5.04 
5.16 

5.23 
5.32 
5.40 
5.46 

5.51 
5.54 
5.57 
5.58 

5.59 
5.60 

5.60 
5.60 
5.58 
5.52 
5.18 
4.42 



+ .05 

+ .15 
+ .18 

+ .18 

+ .12 

+ .10 

+ .12 

+ .07 

+ .09 

+ .08 

+ .06 

+ .05 

+ .03 

+ .03 

+ .01 

+ .01 

+ .01 

.00 

.00 

— .02 

— .06 

-.34 
-.76 

-.16 



d. 
0.000 

0.023 

0.047 

0.070 

0.094 

O.II7 

O.I4I 

0.164 

0.187 

0.2II 

0.234 

0.258 

0.281 

0.304 

0.328 

0.351 

0.375 
0.398 

0.422 

0.445 
0.468 

0.492 

0.515 
0.539 



14.59 
14.60 

14.64 

14.71 

14.81 

14.91 

14.99 

15.07 
15.12 

15-19 

15.24 

15.29 

15.34 

15.37 
15.40 

15.43 

15.47 
15.48 

15.49 

15.49 
15.48 

15.44 

15-29 
14.78 



+ .01 

+ .04 
+ .07 
+ .10 
+ .10 
+ .08 
+ .08 
+ .05 
+ .07 
+ .05 
+ .05 

+ .05 
+ .03 

+ .03 

+ .03 

+ .04 

+ .01 

+ .01 

.00 

— .01 

— .04 

~.i5 

-.51 
-.19 



d. 
0.000 

0.029 

0.057 
0.086 

O.II4 

0.143 

0.172 

0.200 

0.229 

0.258 

0.286 

0.315 

0.343 
0.372 
0.401 
0.429 

0.458 
0.487 

0.515 
0.544 
0.572 
0.601 

0.630 
0.658 



14.70 

14.73 
14.78 
14.82 
14.86 
14.92 
14.98 
15.04 
15.09 

15.14 
15.18 

15.23 
15.26 

15.29 

15.32 

15.34 

15.36 

15.38 

15.39 
15.40 

15.38 

15.32 

15.14 
14.87 



+ .03 
+ .05 
+ .04 
+ .04 
+ .06 

+ .06 
+ .06 
+ .05 
+ .05 
+ .04 
+ .05 
+ .03 
+ .03 
+ .03 
+ .02 
+ .02 
+ .02 
+ .01 
+ .01 

— .02 

— .06 
-.18 
-.27 
-.17 



d. 
0.000 

0.035 
0.071 

0.106 

O.141 

0.176 

0.212 

0.247 

0.282 

0.318 

0.353 
0.388 

0.424 

0.459 

0.494 

0.529 

0.565 
0.600 

0.635 
0.671 
0.706 
0.741 
0.776 
0.812 



4.56 

4.58 
4.62 

4-65 
4.70 
4.76 
4.82 
4.87 

4.92 
4.98 
5.02 
5.06 
O 



5- 
5- 
5' 
5- 
5- 
5« 
5 
5- 



2 

4 

7 
8 

9 
8 



3 
5.00 

4.82 
4.69 
4.58 



+.02 
+.04 
+.03 
+.05 
+.06 
+.06 
+.05 
+.05 
+.06 

+ .04 
+.04 
+.04 
+.02 
+.02 
+.03 
+.01 
+.01 

— .01 

-.05 

-.13 
-.18 

-.13 

— .11 

— .02 



d, 
0.000 

0.021 

0.042 

0.062 

0.083 

0.104 

0.125 

0.146 

0.167 

0.187 

0.208 

0.229 

0.250 

0.271 

0.292 

0.312 

0.333 
0.354 

0.375 
0.396 

0.416 

0.437 
0.458 

0.479 



14.60 
14.60 
14.63 

14.73 
14.89 

15.02 

15." 

15.15 

15.13 
15.04 

14.82 

14.70 

14.68 

14.69 

14.75 
14.87 

14.99 

15.07 

15." 
15.12 

15.10 

15-01 
14.82 

14.67 



.00 
+.03 
+.10 
+.16 

+.13 
+.09 

+.04 

— .02 

— .09 

— .22 

— .12 

— .02 
+.01 
+.06 
+.12 
+.12 
+.08 
+.04 
+ .01 

— .02 

— .09 
-.19 

-.15 
-.07 



I 
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Part 


Phue 


Magn. 


A 


Phue 


Magn. 


A 


Phase 


Magn. 


A 


Phaae 


Magn. 


A 


Phase 


Magn. 


A 




No. 80 


No. 81 


No. 82 


No. 83 


No. 84 




<L 






4, 






d. 






d. 






d. 









0.000 


14.84 


+ .03 


0.000 


14.57 


.00 


0.000 


14.69 


+.01 


0.000 


14.50 


+ .12 


0.0 


11.54 


+ .01 


I 


0.021 


14.87 


+ .03 


0.023 


14.57 


+ .04 


0.023 


14.70 


+ .03 


0.023 


14.62 


+ .17 


l.I 


".55 


+.02 


2 


0.042 


14.90 


+ .06 


0.046 


14.61 


+ .09 


0.046 


14.73 


+ .05 


0.046 


14.79 


+ .18 


2.2 


11.57 


+ .02 


3 


0.063 


14.96 


+ .08 


0.070 


14.70 


+ .12 


0.070 


14.78 


+ .04 


0.069 


14.97 


+ .14 


3.3 


11.59 


+.04 


4 


0.084 


15.04 


+.07 


0.093 


14.82 


+ .16 


0.093 


14.82 


+ .06 


0.092 


15.II 


+ .11 


4.4 


11.63 


+.04 


S 


o.ios 


15. II 


+ .07 


O.I16 


14.98 


+ .11 


O.I16 


14.88 


+ .06 


0.II5 


15.22 


+ .09 


5.5 


11.67 


+ .06 


6 


0.126 


15-18 


+ .03 


0.139 


15.09 


+ .10 


0.139 


14.94 


+ .06 


0.138 


15.31 


+ .08 


6.6 


11.73 


+ .10 


7 


0.147 


15.21 


— .01 


0.163 


15-19 


+ .08 


0.162 


15.00 


+ .06 


O.161 


15.39 


+ .05 


7.7 


11.83 


+ .11 


8 


0.168 


15-20 


— .06 


0.186 


15-27 


+ .05 


0.185 


15.06 


+ .06 


0.184 


15.44 


+ .04 


8.8 


11.94 


+ .12 


9 


0.189 


15-14 


-.13 


0.209 


15-32 


+ .07 


0.209 


15-12 


+ .05 


0.207 


15.48 


+ .04 


9.9 


12.06 


+ .16 


10 


0.210 


15.01 


-.16 


0.232 


15-39 


+ .05 


0.232 


15.17 


+ .04 


0.231 


15.52 


+ .05 


II.O 


12.22 


+ .12 


II 


0.231 


14.85 


-.07 


0.255 


15-44 


+ .05 


0.255 


15-21 


+ .03 


0.254 


15.57 


+ .03 


12. 1 


12.34 


+ .10 


12 


0.252 


14.78 


--05 


0.279 


15-49 


+ .03 


0.278 


15-24 


+ .04 


0.277 


15.60 


+ .03 


13.2 


12.44 


+ .09 


13 


0.273 


14.73 


.00 


0.302 


15.52 


+ .02 


0.301 


15.28 


+ .02 


0.300 


15.63 


+ .02 


14.4 


12.53 


+ .04 


14 


0.294 


14.73 


+ .04 


0.325 


1554 


+ .03 


0.324 


15.30 


.00 


0.323 


15.65 


+ .02 


15.5 


12.57 


+ .02 


IS 


0.31S 


14.77 


+ .05 


0.348 


15.57 


+ .04 


0.348 


15.30 


.00 


0.346 


15.67 


+ .02 


16.6 


12.59 


+ .01 


16 


0-336 


14.82 


+ .12 


0.372 


15.61 


+ .01 


0.371 


15.30 


+ .01 


0.369 


15.69 


+ .01 


17.7 


12.60 


+ .01 


17 


0.356 


14.94 


+ -I5 


0.395 


15.62 


+ .02 


0.394 


15.31 


.00 


0.392 


15.70 


.00 


18.8 


12.61 


— .01 


18 


0.377 


15-09 


+ .10 


0.418 


15.64 


+ .01 


0.417 


15.31 


— .02 


0.415 


15.70 


.00 


19.9 


12.60 


— .06 


19 


0.398 


15.19 


+ .05 


0.441 


15.65 


.00 


0.440 


15.29 


— .04 


0.438 


15.70 


— .02 


21.0 


12.54 


-.17 


30 


0.419 


15-24 


+ .01 


0.464 


15.65 


— .04 


0.463 


15.25 


— .12 


0.461 


15.68 


-.14 


22.1 


12.37 


-.32 


31 


0.440 


15.25 


— .04 


0.488 


1S-61 


-.38 


0.487 


15.13 


-.34 


0.484 


15.54 


-.74 


23.2 


12.05 


-.39 


22 


0.461 


15.21 


--33 


O.51I 


15-23 


-.48 


0.510 


14.79 


-.08 


0.507 


14.80 


-.28 


24.3 


11.66 


— .11 


23 


0.482 


14.88 


— .04 


0.534 


14-75 


-.i8 


0.533 


14.71 


— .02 


0.530 


14.52 


— .02 


25.4 


".55 


— .01 




No. 8s 


No. 86 


No. 87 


No. 88 


No. 89 




<L 






4, 






d. 






d. 






d. 









0.000 


14.50 


+.01 


0.000 


14.40 


+.07 


0.000 


14.80 


+ .02 


0.000 


14.90 


.00 


0.000 


14.53 


+ .06 


I 


0.022 


14-51 


+.05 


0.024 


14.47 


+.09 


0.031 


14.82 


+ .02 


0.021 


14.90 


+ .06 


0.023 


14.59 


+ .08 


2 


0.044 


14.56 


+.09 


0.047 


14.56 


+•13 


0.062 


14.84 


+ .05 


0.041 


14.96 


+ .14 


0.047 


14.67 


+ .09 


3 


0.066 


14.65 


+.13 


0.071 


14.69 


+ .10 


0.092 


14.89 


+ .03 


0.062 


15.10 


+ .12 


0.070 


14.76 


+ .10 


4 


0.088 


14.78 


+.13 


0.095 


14.79 


+ .09 


0.123 


14.92 


+ .05 


0.082 


15.22 


+ .09 


0.093 


14.86 


+ .11 


S 


O.IIO 


14.91 


+.11 


0.118 


14.88 


+ .10 


0.154 


14.97 


+ .04 


0.103 


15.31 


+ .05 


0.116 


14.97 


+ .11 


6 


0.132 


15.02 


+.11 


0.142 


14.98 


+ .06 


0.185 


15.01 


+ .03 


0.123 


15.36 


+ .02 


0.140 


15.08 


+ .10 


7 


O.IS4 


15.13 


+.10 


0.166 


15.04 


+ .07 


0.215 


15.04 


+ .02 


0.144 


15.38 


— .02 


0.163 


15.18 


+ .09 


8 


0.176 


15.23 


+.08 


0.189 


15.11 


+ .05 


0.246 


15.06 


+ .03 


0.165 


15.36 


— .12 


0.186 


15.27 


+ .09 


9 


0.198 


15-31 


+.07 


0.213 


15.16 


+ .05 


0.277 


15.09 


+ .03 


0.185 


15-24 


-.18 


0.209 


15.36 


+ .08 


10 


0.220 


15.38 


+.05 


0.237 


15.21 


+ .04 


0.308 


15.12 


+ .03 


0.206 


15.06 


— .10 


0.233 


15.44 


+ .06 


II 


0.242 


15-43 


+.06 


0.260 


15.25 


+ .03 


0.338 


15.15 


+ .03 


0.226 


14.96 


— .07 0.256 


15.50 


+ .05 
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Part 


Pbaae 


Magn. 


A 


PhaM 


Magn. 


A 


Phaae 


Magn. 


A 


Phase 


Magn. 


A 


Phaae 


Magn. 


A 




No. 85 


No. 86 


No. 87 


No. 88 


No. 89 




d. 








d. 






d 






d. 








d. 






12 


0.264 


15-49 


+ 


•03 


0.284 


15-28 


+ .04 


0.369 


15.18 


+ .03 


0.247 


14.89 


— 


.02 


0.279 


15-55 


+.04 


13 


0.285 


15-52 


+ 


.04 


0.308 


15-32 


+ .02 


0.400 


15.21 


+ .02 


0.267 


14.87 


+ 


.02 


0.303 


15-59 


+.03 


14 


0.307 


15-56 


+ 


.02 


0.331 


15-34 


+ .03 


0.431 


15-23 


+ .03 


0.288 


14.89 


+ 


.10 


0.326 


15-62 


+.02 


IS 


0.329 


15-58 


+ 


.01 


0.355 


15-37 


+ .01 


0.461 


15.26 


+ .01 


0.309 


14.99 


+ 


-13 


0.349 


15.64 


+.02 


16 


0.351 


15-59 


+ 


.01 


0.379 


iS-38 


+ .02 


0.492 


15.27 


+ .02 


0.329 


15.12 


+ 


-13 


0.372 


15.66 


+.02 


17 


0.373 


15-60 




.00 


0.402 


15-40 


.00 


0.523 


15-29 


— .01 


0.350 


15-25 


+.08 


0.396 


15-68 


+.02 


18 


0.39s 


15.60 




.00 


0.426 


15.40 


— .01 


0.554 


15-28 


— .01 


0.370 


15.33 


+ 


-05 


0.419 


15.70 


.00 


19 


0.417 


15-60 


— 


.01 


0.450 


15-39 


-.08 


0.585 


15-27 


— .06 


0.391 


15.38 


— 


.01 


0.442 


15-70 


— .01 


20 


0.439 


15-59 


— 


.06 


0.473 


1S-31 


-.16 


0.615 


15.21 


— .09 


0.41 1 


15-37 


— 


.06 


0.465 


15.69 


-.14 


21 


0.461 


15-53 


— 


.26 


0.497 


15-15 


-.27 


0.646 


15.12 


— .12 


0.432 


15-31 


— 


.12 


0.489 


15-55 


-•47 


22 


0.483 


15-27 


— 


•32 


0.521 


14.88 


-•33 


0.677 


15.00 


— .12 


0.453 


15-19 


— 


.19 


0.512 


15-08 


-'SZ 


23 


0.50s 


14-95 


^■" 


•45 


0.544 


1455 


-.15 


0.708 


14.88 


-.08 


0.473 


15.00 


""" 


.10 


0.535 


14.55 


— .02 


Part 


Phase 


Magn. 


A 


Phase 


Magn. 


A 


Part 


Phase 


Magn. 


A 


Phase 


Magn. 


A 




No. 90 


No. 91 




No. 90 


No. 91 




d. 






d. 








d. 






d. 









0.000 


14.31 


+ .07 


0.000 


14.60 


+ .02 


12 


0.279 


15.40 


+ .02 


0.293 


15-43 


+ .03 


I 


0.023 


14.38 


+ .10 


0.024 


14.62 


+ .04 


13 


0.302 


15.42 


+ .02 


0.317 


15.46 


+ .02 


2 


0.046 


14.48 


+ .13 


0.049 


14.66 


+ .07 


14 


0.325 


15-44 


+ .01 


0.342 


15.48 


+ .01 


3 


0.070 


14.61 


+ .18 


0.073 


14.73 


+ .12 


15 


0.348 


15-45 


+ .01 


0.366 


1549 


.00 


4 


0.093 


14.79 


+ .14 


0.098 


14.85 


+ .16 


16 


0.371 


15.46 


+.01 


0.391 


15-49 


.00 


S 


O.II6 


14.93 


+ .11 


0.122 


15.01 


+ .10 


17 


0.395 


15-47 


.00 


0.415 


15-49 


.00 


6 


0.139 


15.04 


+ .09 


0.146 


15.11 


+ .08 


18 


0.418 


15-47 


— .02 


0.439 


15-49 


— .01 


7 


0.163 


15-13 


+.11 


O.171 


15-19 


+ .07 


19 


0.441 


15-45 


— .12 


0.464 


15.48 


— .06 


8 


0.186 


15-24 


+ .05 


0.195 


15.26 


+ .06 


20 


0.464 


15-33 


-.62 


0.488 


15-42 


— .20 


9 


0.209 


15.29 


+ .05 


0.220 


15.32 


+ .04 


21 


0.488 


14.71 


-.26 


0.513 


15-22 


-•35 


10 


0.232 


15.34 


+ .04 


0.244 


15.36 


+ .03 


22 


O.5II 


14.45 


~-I3 


0.537 


14.87 


— .20 


II 


0.2SS 


15.38 


+ .02 


0.269 


15-39 


+ .04 


23 


0.534 


14.32 


— .01 


0.561 


14.67 


-.07 
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vations determined. Mean light ciuves were thus derived for each of the groups. 
In this way, the periods were reduced to a conunon standard, but the magnitudes 
were not changed and the simple means of the magnitudes of all the observations 
corresponding to each of the 48 equal parts were taken. The number of observa- 
tions entering into each mean value for the three groups, is, in general, between 20 
and 30. The results are given in Table XXVII. The parts are numbered from o 
to 47, and are given in the first column. The second, third, and fourth columns 
give the corresponding mean values of the magnitude for the three groups of varia- 



TABLE XXVII 

MEAN MAGNITUDES 



Part 


Gr. z 


Gr. 3 


Gr. 3 


Mean 
AU 


Mean 
M. W. 


M.W. 
—A 


Part 


Gr. z 


Gr. 2 


Gr. 3 


Mean 
AU 


Mean 

M.W. 


M.W. 
—A 





14.33 


14.40 


14.42 


14.38 


14.42 


+ .04 


24 


15.49 


15.41 


15.31 


15.41 


15-34 


-.07 


I 


14.32 


14.42 


14.51 


14.41 


14.54 


+ .13 


25 


15.58 


15.55 


15.27 


15.44 


15-48 


+.04 


2 


14.41 


14.47 


14.45 


14.44 


14.56 


+ .12 


26 


15.61 


15.46 


15.32 


15.44 


15-42 


— .02 


3 


14.42 


14.55 


14.60 


14.52 


14.49 


-.03 


27 


15.68 


15.54 


15.33 


15.51 


15-59 


-I-.08 


4 


14.56 


14.63 


14.64 


14.61 


14.67 


+ .06 


28 


15.61 


15.59 


15.40 


15.53 


15-46 


-.07 


S 


14.58 


14.66 


14.67 


14.63 


14.74 


+ .11 


29 


15.60 


15.48 


15.39 


15.48 


15-20 


-.28 


6 


14.60 


14.69 


14.64 


14.64 


14.77 


+ .13 


30 


15.57 


15.48 


15.36 


15.48 


15-57 


+ .09 


7 


14.75 


14.80 


14.75 


14.77 


14.75 


— .02 


31 


15.64 


15.53 


15.41 


15.53 


15-52 


— .01 


8 


14.74 


14.89 


14.78 


14.79 


14.86 


+ .07 


32 


15.52 


15.54 


15.41 


15.49 


15-56 


+ .07 


9 


14.89 


14.93 


14.84 


14.88 


14.83 


-.05 


33 


15.64 


15.50 


15-36 


15.50 


15-54 


+ .04 


10 


14.98 


14.90 


14.88 


14.92 


14.92 


.00 


34 


15.58 


15.48 


15.40 


15.47 


15-43 


— .04 


II 


15.05 


14.98 


14.91 


14.97 


14.92 


-.05 


35 


15.75 


15.53 


15.42 


15-53 


15-62 


+•09 


12 


15.01 


15.02 


14.90 


14.98 


14.93 


-.05 


36 


15.60 


15.52 


15.45 


15-52 


15-53 


+ .OI 


13 


15.10 


15.08 


14.99 


15.05 


15.07 


+ .02 


37 


15.63 


15.61 


15.42 


15.56 


15-73 


+ -I7 


14 


15.09 


15.20 


15.02 


15.10 


15.09 


— .01 


38 


15.61 


15.64 


15.48 


15.56 


15-66 


•+-.IO 


15 


15.18 


15-19 


15.05 


15-13 


15.03 


-.10 


39 


15.50 


15.49 


15.48 


15.49 


15-68 


+.19 


16 


15.22 


15.26 


15.18 


15.22 


15.27 


+ .05 


40 


15.64 


15.60 


15.49 


15.58 


15-73 


+-IS 


17 


15.29 


15.26 


15.14 


15.22 


15.25 


+ .03 


41 


15.57 


15.62 


15.46 


15-55 


15-71 


+.16 


18 


15.37 


15.27 


15.16 


15.27 


15.31 


+ .04 


42 


15.49 


15.47 


15-32 


15.44 


15-76 


+-32 


19 


15.46 


15.38 


15.16 


15.37 


15.41 


+ .04 


43 


15.21 


15.38 


15-19 


15-26 


15-44 


+.18 


20 


15.42 


15.30 


15.22 


15.33 


15.28 


-.05 


44 


15.02 


15.32 


14.92 


15.08 


15.18 


+.10 


21 


15.43 


15.45 


15.29 


15.39 


15.49 


+ .10 


45 


14.63 


14.80 


14.71 


14.72 


14.78 


+.06 


22 


15.45 


15.45 


15.24 


15.39 


15.46 


+ .07 


46 


14.50 


14.61 


14.67 


14.59 


14-53 


— .06 


23 


15.62 


15.42 


15.26 


15.41 


15.36 


-.05 


47 


14.34 


14.55 


14.51 


14.47 


14.61 


+.14 



bles referred to above. The fifth column contains the mean magnitudes of all the 
30 stars for all the measurements, and the sixth column, the corresponding mean 
values derived from the Mt. Wilson photographs only. The seventh colimm gives 
the differences between the last two, foimd by subtracting the values in the fifth 
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colimin from those in the sixth column. Smooth curves were drawn through these 
results, and graphical representations of them are given in Plate I, Figs. 2 to 6. 
The largest deviation of a mean magnitude from the smooth curve in the case of 
the first group is +0.12, and the mean, ±0.04; for the second group, +0.09, and 
±0.04; and for the third group, —0.07, and ±0.02. From these smooth curves 
were derived the elements given in Table XXVIII, where the quantities concerned 
are arranged according to length of period. The differences between the mean 
periods are small amoimting altogether to only o'^.iso. The first column in the 
table gives the group, the second colimm, the mean period, and the third colimm, 
the mean distance from the centre of the cluster. The foiuth, fifth, and sixth 
columns give, respectively, the mean ma,ximum magnitude, the mean minimum 

TABLE XXVra 

30 VARIABLE STARS GROUPED ACCORDING TO LENGTH OF PERIOD 



Group 


Mean Period 


Mean Diet 


Mean Max. 


MeanMin. 


Range 


NSPF 


Inc. 


Dec. 


I 
2 

3 


d, 
0.484 

0.543 
0.634 


$ 

4.9 

3-3 
3.6 


14.32 
14.40 

I44S 


15-63 

15-57 
15.48 


I-3I 
I.17 

1.03 


6, 4i 5i 5 
4, 6, 6, 4 

6, 4, 4, 6 


0.37 

0.39 
0.27 


0.07 
0.06 
0.04 



magnitude, and the range. The seventh column contains the niunber of the stars in 
the northern, the southern, the preceding, and the following part of the cluster. 
The last two coliunns give the mean maximum rate of increase and decrease in 
brightness, expressed in magnitudes, for one forty-eighth part of the period. An 
inspection of the table, which contains too few groups for definite conclusions, indi- 
cates that the length of period has little or no relation to the distances or positions 
of the variables. With increasing period, however, there does appear to be, in 
general, a decrease in the maximum, and an increase in the minimum magnitude, and 
hence a well marked decrease in the range. This is apparently accompanied by a 
decrease in the maximum rate of increase and decrease of the light. These results 
are in harmony with those found for the variables in Messier 3, as stated on page 
87 of the present volume. The curve obtained from the Moimt Wilson plates 
appears to be somewhat anomalous. For the variables of Messier 3, as given on 
page 88 of this volume and illustrated in Figs. 5 and 6, of Plate III, Part I, a 
higher and sharper maximum was obtained when only the Moimt Hamilton plates of 
10** exposure were employed. An examination of Figs. 5 and 6, Plate I, shows that 
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for the variables in Messier 5, the maximum derived from the Mt. Wilson plates of 
ID** exposure is slightly lower than that derived from all the plates. This is probably 
due to the fact, referred to on page 109, that the Mt. Wilson plates, owmg to the 
great size of the telescope, were over exposed for the stars imder discussion, ren- 
dering the images too dense for easy comparison. There is also an indication of 
a decided drop in brightness just before the beginning of the increase in light. 
Owing to the relatively small number of observations on the Mt. Wilson plates, com- 
pared to the whole number, and the 48 parts into which they were divided, the 
groups are small, in one case consisting of only 2 observations, and hence greater 
irregularities and imcertainties might be expected. 



Variable, No. 62 

Special interest attaches to the 8 stars having double maxima and minima accord- 
ing to the explanation given on page 154. On this accoimt one of these variables. 
No. 62, was selected for more careful study. In general, only a single sequence of 
comparison stars was used for the measures of the variables in Messier 5, given in 
Tables XXIII and XXIV. The distance of the variable from the comparison stars 
was, in many cases, therefore, inconveniently large. In order to obtain more precise 
measurements of No. 62, a special sequence was selected composed of the five stars 
of the required brightness nearest to the variable. They were designated a', b', c', 
d', and e', and their positions were foimd by comparison with three adjacent 
stars, Variables Nos. 32, 55, and 62, whose coordinates are given in H.A. 38, 240. 
The magnitudes of these comparison stars were determined by comparing them 
directly with the stars of the primary sequence. They were measured twice by 
Miss Leland and twice by the writer, and the results are given in Table XXIX, 
in which the first column contains the designations of the stars, and the second 
and third colimms, their rectangular coordinates from the centre of the cluster. 
The next four coliunns give the different determinations of magnitude, and the 
eighth colimm, the mean values. The ninth colirnm gives the corresponding residuals 
from the means. Since this sequence is rather distant from the primary sequence, 
the accidental errors in the estimates of magnitude might be expected to be some- 
what large. Accordingly, the intervals between the stars in grades were also esti- 
mated by both observers, and the siuns of the mean results are given in the tenth 
column. The results contained in the eighth and the tenth columns were then 
plotted, with magnitudes as abscissas and grades as ordinates, and a smooth curve 
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was drawn through them. The magnitudes derived from the reading of this curve 
are given in the eleventh column. The means of the magnitudes in the eighth and 
eleventh columns were adopted as the final magnitudes for this discussion and are 
given in the last column. 

TABLE XXIX 

SPECL\L SEQUENCE FOR NO. 62 



Deflig. 


X 


Y 


Magnitudes 


Resids. 


Gr. 


G. Magns. 


Adopt. 
Magna. 


L. 


B. 


Means 


a' 
b' 
c' 
d' 
e' 


+121. 1 
+254.6 

+195-6 
+194.3 
+259.9 


m 
-I4I.7 
-233.2 
-175.6 
— 207.0 
-218.I 


14.68 
14.89 

15.37 
15.47 
15.73 


14.66 
14.99 

15.27 

15.57 
15.68 


14.40 
14.71 
15.16 
15.26 

15.47 


14.61 
15.02 
15.16 
15.26 

15-58 


14.59 
14.90 

15.24 

15.39 
15.62 


09, 07, 19, 02 

01, 09, IQy 12 

i3» 03> 08, 08 

08, 18, 1 J, 13 
11,06,15,04 



4.0 

7.1 

8.3 
10.5 


14.58 
14.92 

15.24 

15.37 
15.64 


14.58 
14.91 

15.24 
15.38 
15.63 



/ 



The results of the original measures of No. 62, compared in the usual manner 
with the stars of the primary sequence, are given in Table XXIII, page 137. The 
results obtained by the use of the special sequence given in Table XXIX are shown 
in Table XXX, in which the first column gives the Julian Day and decimal, the 
second column, the magnitude determined by Miss Leland, and the third column, 
the magnitude determined by the writer. The fourth column contains the mean 
magnitudes, and the fifth column, the corresponding residuals. The computed phases 
of the observations, taken from Table XXIII, and derived from the same formula 
as that given in the Table of Elements, page 158, J. D. 2415021.244 + o**. 562815 E, 
for component a, are given in the sixth column. The corresponding residuals from 
the smooth curve drawn through all the observations are given in the seventh 
column. The Ught curve indicated by these observations agrees with that derived 
from the regular meastires given in Table XXIII. It is shown graphically in Fig. 2, 
Plate II, and verifies the double oscillation which occius in the usual half-day 
period. Many rather large residuals occur, however, in spite of the care used in the 
measurements. In order to determine whether these are in error, a second measure 
was made of each of the plates on which the residuals amounted to 0.20 magn., or 
more. A comparison of the results of the two measures with the mean magnitudes 
given in Table XXX is contained in Table XXXI. The largest difference for any 
star between the original result and that obtained by the second measurement is 
+0.17 magn., and the mean difference is ±0.071 magn. The mean residual from 
the smooth curve for these plates is ±0.31 magn. for the original measures, and 
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TABLE XXX 



VARIABLE NO. 63. SECOND MEASUREMENTS 



J.D. 


Magnitudes 


Res. 


Phase 


Res. 


Corr. 
Phase 


Res. 


J.D. 


Magnitudes 


Res. 


Phase 


Res. 


Corr. 
Phase 


Res. 


L. 


B. 


Means 


L. 


B. 


Means 


i. 










d. 




d. 




d. 










d. 




d. 




3346.540 


15-56 


15-63 


15.60 


04, oz 


0.465 


29 


0.447 


24 


3717-517 


14.80 


14.80 


14.80 


00,00 


0.547 


08 


0.544 


12 


3366.544 


15-16 


15-30 


15-23 


07,07 


0.208 


02 


0.190 


II 


« .692 


15.46 


15.38 


15.42 


04,04 


0.159 


05 


0.156 


07 


3369.698 


14.64 


• • 


14.64 


A , • • 


0.548 


07 


0.530 


09 


« .817 


14.70 


14.64 


14.67 


03, OJ 


0.284 


02 


0.281 


04 


3370.528 


14.64 


14.80 


14.72 


0^,08 


0.252 


00 


0.234 


II 


3724.535 


14.80 


14.74 


14.77 


03, OJ 


0.249 


02 


0.246 


02 


3371.529 


15.16 


15-12 


15.14 


02,02 


0.128 


14 


O.I 10 


03 


" .676 


14.98 


15-12 


15.05 


07,07 


0.390 


22 


0.387 


OS 


3374.502 


14.70 


14.64 


14.67 


0^03 


0.286 


02 


0.269 


02 


3748.572 


14.80 


14.70 


14.75 


05,05 


0.085 


20 


0.083 


22 


" .538 


14.70 


• • 


14.70 


A I • • 


0.322 


07 


0.305 


03 


3775.556 


14.70 


14.64 


14.67 


03, OJ 


0.053 


09 


0.052 


10 


3376.502 


14.70 


14-75 


14.72 


02,03 


0.035 


01 


0.018 


08 


3960.869 


15-16 


15.24 


15.20 


04,04 


0.200 


08 


0.204 


07 


" .543 


14.70 


14.74 


14.72 


02,02 


0.076 


16 


0.059 


09 


4014.745 


14.84 


14.74 


14.79 


05,05 


0.046 


06 


0.052 


02 


" .584 


15-12 


15-24 


15-18 


06,06 


O.II7 


00 


O.IOO 


08 


4037-635 


15-36 


15.24 


15.30 


06,06 


0.423 


06 


0.428 


07 


« .677 


15-39 


15-31 


15-35 


04,04 


0.210 


14 


0.193 


01 


" .663 


15-02 


14.91 


14.96 


06,05 


0.451 


3S 


0.456 


39 


3377-578 


14.64 


14.64 


14.64 


00,00 


0.549 


08 


0.532 


08 


4041.675 


14.80 


14.80 


14.80 


00,00 


0.524 


00 


0.530 


07 


3378.579 


15-46 


15-38 


15-42 


04,04 


0.424 


05 


0.407 


06 


4052.600 


15.16 


15.24 


15.20 


04,04 


0.192 


13 


0.198 


09 


3380.500 


14.98 


15.08 


15-03 


05,05 


0.094 


00 


0.077 


10 


4058.548 


14.80 


14.91 


14.86 


0(5, 05 


0.512 


03 


0.518 


02 


« .602 


15-60 


15-50 


15.55 


05,05 


0.196 


25 


0.179 


18 


« .662 


14.84 


14.80 


14.82 


02,02 


0.063 


01 


0.070 


06 


3390.604 


14.98 


14.90 


14.94 


04,04 


0.067 


II 


0.050 


18 


" .780 


15-16 


15.24 


15.20 


04,04 


O.181 


17 


0.188 


15 


3408.568 


14.64 


14.58 


14.61 


03, OJ 


0.021 


08 


0.005 


01 


" .854 


14.64 


14.64 


14.64 


00,00 


0.255 


06 


0.262 


03 


3409544 


iS-36 


15.38 


15.37 


01,01 


0.434 


00 


0.418 


00 


4066.635 


15-40 


15.38 


15.39 


01,01 


0.157 


01 


0.164 


02 


" .623 


15-02 


14.91 


14.96 


06,05 


0.513 


08 


0.497 


07 


4067.636 


14.80 


14.70 


14.75 


05,05 


0.03'2 


OS 


0.039 


04 


3411.603 


14.84 


14.84 


14.84 


00,00 


0.242 


00 


0.226 


19 


4069.560 


14.54 


14.58 


14.56 


02,02 


0.268 


10 


0.275 


07 


3412.560 


14.91 


14.91 


14.91 


00,00 


0.073 


OS 


0.057 


II 


" -795 


14.98 


15.08 


15.03 


05,05 


0.503 


01 


0.510 


II 


3413.569 


14.98 


15.02 


15.00 


02,02 


0.519 


17 


0.503 


01 


4070.655 


14.80 


14.91 


14.86 


0(5, 05 


0.237 


05 


0.244 


10 


3414.620 


• • 


15.12 


15-12 


^Ik • • ■ 


0.445 


23 


0.429 


25 


4071.538 


14.70 


14.58 


14.64 


06, 0(5 


0.558 


06 


0.003 


02 


3415.489 


15.22 


15.20 


15.21 


01,01 


0.188 


13 


0.172 


16 


" -747 


15.16 


15.12 


15.14 


02,02 


0.204 


II 


0.2II 


07 


" .531 


15.08 


15.16 


15.12 


04,04 


0.230 


10 


0.214 


06 


4072.538 


15-41 


15.31 


15.36 


05,05 


0.432 


01 


0.439 


01 


" .572 


14-54 


14.70 


14.62 


o5,o8 


0.271 


03 


0.255 


08 


" -745 


14.84 


14.91 


14.88 


04,03 


0.076 


00 


0.083 


08 


« .614 


14.70 


14.64 


14.67 


03, oj 


0.313 


04 


0.297 


03 


4073-553 


14.84 


14.84 


14.84 


00,00 


0.321 


08 


0.328 


07 


3419.548 


14.50 


14.58 


14.54 


04,04 


0.307 


16 


0.291 


10 


" -758 


14.70 


14.74 


14.72 


02,02 


0.526 


07 


0.533 


00 


3422.494 


15-70 


15-56 


lS-63 


07,07 


0.439 


26 


0.423 


26 


4074.561 


15.16 


15.24 


15.20 


04,04 


0.204 


05 


0.2II 


01 


" .591 


14.70 


14.84 


14.77 


07,07 


0.536 


02 


0.520 


04 


4085.663 


• • 


14.84 


14.84 


/m • ■ • 


0.049 


10 


0.057 


04 


3423,506 


14.64 


14.74 


14.69 


05,05 


0.326 


10 


0.310 


00 


4086.608 


15.16 


15.42 


15.29 


^J. 13 


0.432 


08 


0.440 


08 


3666.649 


14.84 


14.90 


14.87 


oj,03 


0.333 


03 


0.328 


10 


4092.573 


• • 


■ • 


• ■ 


• • • • 


• • 


• • 


• • 


• • 


3673.681 


14.64 


14.58 


14.61 


03, oj 


0.048 


^3 


0.043 


II 


4093-532 


• • 


• • 


• • 


• • • • 


• • 


• • 


• • 


• • 


3693.638 


14.60 


• • 


14.60 


^Ik 9 * * 


0.306 


09 


0.302 


05 


« .762 


14.64 


14.75 


14.70 


0(5, 05 


0.269 


04 


0.277 


07 


3694.577 


• • 


15-24 


15-24 


A 1 • • 


0.120 


01 


0.II6 


04 


4133-607 


15.46 


15.38 


15-42 


04,04 


0.154 


05 


0.163 


06 


" .615 


15-26 


15.24 


15-25 


01,01 


0.158 


12 


0.154 


10 


4147-519 


14.60 


14.64 


14.62 


02,02 


0.559 


08 


0.006 


00 


3695.519 


14.98 


15-12 


15-05 


07,07 


0.499 


00 


0.495 


00 


4437.629 


14.64 


14.70 


14.67 


0J,o3 


0.256 


03 


0.274 


03 


« .561 


14.64 


14.64 


14.64 


00,00 


0.541 


09 


O.S37 


06 


4795-632 


14.98 


14.70 


14.84 


14,^4 


0.309 


14 


0.336 


01 


" .602 


14.70 


14.58 


14.64 


06 f 06 


0.019 


05 


0.015 


00 


4846.568 


14.80 


14.80 


14.80 


00,00 


0.028 


10 


0.056 


00 


" .644 


14.70 


14.80 


14.75 


05,05 


0.061 


05 


0.057 


05 


4860.582 


14.60 


14.58 


14.59 


01,01 


0.535 


16 


0.000 


03 


3698.504 


15-12 


15-08 


15-10 


02,02 


0.107 


02 


0.103 


02 


4876.513 


15.35 


15.35 


15.35 


00,00 


0.144 


00 


0.173 


02 


3699.499 


14.91 


14.70 


14.80 


11,10 


0.539 


06 


0.535 


08 


4886.535 


14.80 


14.84 


14.82 


02,02 


0.036 


II 


0.065 


03 


« .542 


14.70 


14.64 


14.67 


03, oj 


0.019 


02 


0.015 


04 


5560.608 


1536 


15.31 


15-34 


02, OJ 


0.419 


01 


0.462 


01 


" .584 


• • 


14.84 


14.84 


A , . • 


0.061 


04 


0.057 


04 


5562.605 


15-46 


15-38 


15-42 


04,04 


0.165 


04 


0.208 


18 


3713.513 


15.46 


15-08 


15-27 


19, IP 


0.483 


06 


0.480 


06 


5563-594 


14.98 


14.7s 


14.86 


12,11 


0.028 


16 


0.071 


04 


« .680 


14.94 


14.98 


14.96 


02,02 


0.087 


01 


0.084 


01 


5579-551 


14.70 


14.58 


14.64 


06, 0(5 


0.226 


48 


0.269 


01 
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J.D. 


Magnitudes 


Res. 


Phase 


Res. 


Corr. 
Phase 


Res. 


J.D. 


Magnitudes 


Res. 


Phase 


Res. 


Con. 
Phase 
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0.436 


09 
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dbo^8 magn. for the second measures. Since no material change would be made by 
the substitution of the results of the second measures, the original magnitudes have 
been retained in the discussion. The general accordance of the two results appears 
to show that the large residuals from the smooth au^e given in the seventh colimm 
of Table XXX are not due in large part to accidental errors of measurement. They 
may be caused by an error or by lack of uniformity in the period, or by peculiari- 
ties or defects on the photographs not appreciable to the observers. A plot was 
then made of those changes in the epoch of maximiun by which large residuals 
would be corrected, in all cases where their value amoimted to 0.15 magn., or more. 
Julian dates were used as abscissas and corrections to epoch as ordinates and a 
smooth curve was drawn through them. In many cases, a change of epoch made 
little difference in the accordance, in other cases, a change was necessary to prevent 
large discordance. In the former case, dots have been employed in the figure, in 
the latter case, crosses. Considerable discordance in the results is indicated for the 
early plates. A graphical representation of this curve is given in Fig. 9, Plate 11. 
It may be represented by the term +0*^.055 sin (o^.oisS E + 2i4°.4). By the use of 
this term the formula for the returns of maximiun becomes J. D. 2415021.244 + 
o**. 562815 E + o''.o55 sin (o^.oisS E + 2i4°.4). The phases and residuals from the 
smooth curve obtained by the use of this formula are given in the eighth and ninth 
columns of Table XXX. The corresponding light curve is given in Fig. 4, Plate 11. 
The mean deviation of the individual measures by the use of the simple formula is 
0.094 magn., and by the complete formula, 0.067 naagn. In the former case, the 
largest residual is —0.51 magn., and in the latter case it is —0.39 magn. For the 
corrected results five residuals occur whose value is as great as two-tenths of a 
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magnitude; —0.24 on X 6637, +0.25 on X 7000, +0.26 on X 7036, —0.22 on X 7661, and 
—0.39 on X8453. As given in Table XXIII, page 112, the quality of these plates 
was estimated on a scale of i to 5, as 3, 3, 3.5, 3.5, and 3-5, respectively. Although 
of rather inferior quality, this fact in itself is not suflScient to explain the discord- 
ance. Remarks in regard to them, however, made at the time of the observations 
are as follows: X6637. Image of variable faint and possibly defective. X7000. 
Difl&cult, images very hazy and poor. X 7036. Images very faint, measiu^ doubtful, 
variable surely faint. X 7661. Images very faint, meastire doubtful. X 8453. 
Images very faint, measure doubtful. In general, it has been foimd that measures 
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15-50 


13 


36 


13 
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17 


9533-888 


MW 84 


14-75 


14-85 
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32 
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14.80 


05 


20 


15 


9537.812 
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14.85 


17 


20 
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15.00 


04 


3S 


34 


« .836 
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14.72 
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07 


26 


33 


SS79-SSI 


X 10256 


14.64 


14.60 


04 


48 
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of very faint images are unreliable. It seems not improbable, therefore, that the 
above remarks explain the large residuals derived from these plates. The light curve 
obtained by taking the means of five observations arranged in order of phase is 
shown in the upper curve of Fig. 6, Plate II. It is also given in Table XXXII. 
From this it appears that the two maxima are equal in brightness, but that the first 
minimum is about 0.06 or 0.08 magn. fainter than the second. In view of the 
difl&culties of measurement, however, and the imequal distribution in phase of the 
observations, there may be some doubt as to the genuineness of this small difference 
in magnitude at minimum. 

In this connection a reexamination was made of some of the results obtained for 
the variables in Messier 3 and co Centauri. The periods of no variables in Messier 
3 are given in Part i of the present voliune. All of these appear to be of the ordi- 
nary duster t)^. For No. 37 no period was found. The remark on page 65 states, 
" No satisfactory period has been found for this star. The variation is sure, although 
the range is rather small. A period of about 0^.$ satisfies many of the observations 
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fairly well." At the time this discussion was made the idea of a double maTJniiin^ 
had not occurred to the writer. A trial was made unsuccessfuUy to adapt the 
observations to a period of about a quarter of a day, since it was evidently a sub- 
multiple of about one day. A period, however, of about a third of a day, o.*'32635, 
was found to satisfy the observations fairly well. This period is somewhat greater 
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0.070 


14.86 


+ .15 


15 
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+ .12 


17 
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+ .09 
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0.422 


15-30 


— .02 
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.00 
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15-28 


-.08 


8 
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15-36 


— .12 


20 
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15-20 


-•13 


9 
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15-24 


-.29 


21 
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15-07 


— .21 


10 
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-•25 


22 
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14.86 


-•15 


II 


a2s8 


14.70 


-•05 


23 


0.539 


14.71 


-.06 



than one-half the mean period, o''.54i, of the variables in Messier 3. Nineteen variables 
in the cluster, however, have periods between 0^.60 and o*'.7i, or about twice that of 
No. 37. It seems probable, therefore, that this star is an isolated case of a variable 
having a double maximum. On this assumption the real period of No. 37 becomes 
0^.65270. In Table XXXIII are given the results^ of this discussion. The first two 
columns give the Julian date and the corresponding magnitude repeated for con- 
venience from page 22 of this volume. The third column gives the phase, and the 
fourth column, the residual from the smooth curve, by the use of the formula, 
J. D. 2415021.390 + o''.6527o^ While, in general, these results are accordant, numer- 
ous rather large deviations from the smooth curve occur which have the appearance of 
being systematic and secular. The largest deviation from the smooth curve is —0.70 and 
the mean is ±0.17. The addition of a sine term, to provide for a secular oscillation in the 
length of the period, removes for the most part these discordances. In Table XXXIII 
the fifth and sixth columns contain the phases and deviations from a smooth curve 
when the following formula is employed: — J. D. 2415021.390 + o''.6527o^+ 0^.035 sin 
(o°.i468E + 153^.2). With this formula the largest deviation from the smooth curve 
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is +0.26; and the mean, =i=o.io. It is possible that similar stars may exist among the 
other variables in Messier 3, whose periods were not determined. 

The variables in co Centauri were divided in H.A. 38, page 132, into three sub- 
classes, called a, b, and c. Subclass c comprised the stars having small range 
with continuous variation in light, and short periods, whose mean length, o''.395, is 
about one-half that of the mean length, o'*.752, of the variables of Subclass b. 

TABLE XXXin 

VARIABLE 37 IN MESSIER 3. PERIOD 0^.65270 
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These characteristics are also true of the stars in Messier 5 having double majdma. 
In Chapter V, of H.A. 38, an elaborate study was made of four variables, among 
them No. 35, a typical example of Subclass c. The period there found was 
o'*.386842. On the theory of a double maximum, its period becomes 0"*. 793684. If 
the observations are plotted with this period, the two halves of the curve appear to 
be equal, as might be expected. It is possible that many of the periods of the 



184 ANNALS OF HARVARD COLLEGE OBSERVATORY 

variables of Subclass c in co Centauri should be doubled. Other stars of very short 
period may belong to the same class, such as XX Cygni, period o*'.i35. Differences 
in the form of the light curve at successive maxima might thus be accoimted for. 

If the variable of double maximiun is formed, as indicated above, by the union of 
two variable stars of the ordinary duster t)T)e, this fact should be apparent in the 
resultant light curve. To test this, we may, in the j&rst place, combine the light of 
two stars of cluster t)^, and study the light curve thus obtained. Secondly, we 
may resolve the light of a typical variable of double maximum into that of two 
possible components and determine their light curves. Computed values for both 
cases are given in Table XXXIV. All the periods are divided into 24 equal parts. 
The first and second columns give the typical light curve of cluster variables. It is 
derived from all the observations of the 30 selected variables in Messier 5, as de- 
scribed on page 164, and shown graphically in Plate I, Fig. 5. The first and third 
columns give the same light curve, but with alternating maxima. The corresponding 
magnitudes obtained by combining two such stars, with alternating maxuna, are 
given in the foiurth colimm. The results are shown graphically in Plate n, Fig. 5, 
in which B is the curve formed by the combination of the two equal variables with 
alternating maxima, A and A'. The computations for the magnitudes of the curve 
B are greatly facilitated by the use of the table given in H.A. 33, 287. The in- 
crease of light in the curve B is considerably more rapid then the decrease, while 
in actual stars of double maxima the rate of increase is more nearly equal to that 
of decrease. It may be better, therefore, to resolve some real light ciurves of this 
class into possible components. The fifth column of Table XXXIV, in connection 
with the first, gives the light curve of Variable 62, and the sixth and seventh 
columns, the corresponding magnitudes of the light curves of two possible components, 
the combined light at all phases being equal to the corresponding magnitude of 
No. 62. The nimiber of such possible solutions is infinite. The two components given 
in the table, though unequal to each other, appear to have light curves of the ordi- 
nary cluster type. Curves more nearly equal could be derived, but probably not 
precisely equal, since the two halves of the original curves are imequal. These 
results are illustrated in Plate n. Fig. 6, in which are given the light curve of 
No. 62, and C and D, the corresponding curves derived from it. Omitting No. 62, the 
mean light curve of the remaining 7 stars of this class in Messier 5 was computed, 
and results for this mean ourve, similar to those foimd for No. 62, are given in the 
eighth, ninth, and tenth columns. These results are shown graphically in Plate n. 
Fig. 7, where the mean light curve of the 7 variables is given and E and F are 
two possible components. A is the same light curve as that shown in Plate I, Fig. 5. 
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When this is taken as one of the components, the other component is G, a 
curve of irr^ular form. It can be reduced to the usual cluster t)q>e by the intro- 
duction also of modifications in A, as shown by the curves E and F. It seems not 
improbable, therefore, that the light curves of the variables having double maxima 
may be formed by the union of two stars having light ciu^es approximately those of 
the t3rpical cluster variables. If the components of such a variable were only opti- 
cally double, the periods would seldom, or never, be precisely equal, and after the 
lapse of a greater or less interval of time, the maximmn of one star would approach 
that of the other, and we should have at last the appearance of an ordinary variable 
with a single maximiun and minimiun. Such a variable has been looked for without 
success. The components of such variables must, therefore, form physical doubles. 
Also, if the ordinary cluster variable is a spectroscopic binary, as many astronomers 
have thought probable, a single variable of double maximum must consist of at least 
four components. 
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Varl\ble No. 77 

The variable stars in clusters have in general been assumed in these discussions 
to be undergoing constant change in light, without secondary or irregular fluctuations. 
Omitting the stars of double maxima, the light appears to fall steadily from maxi- 
miun to minimum with decreasing rapidity as complete minimum is approached, after 
which it undergoes a rapid increase to maximima. The measurements have often 
been made with considerable difficulty, so that large deviations from the smooth 
ciurves drawn through all the observations are common. These have been attributed 
for the most part to the various sources of accidental and systematic error which 
are incident to photographic work, when carried on by different telescopes, with 
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various brands of plates, and by various observers. It has been found at the Har- 
vard Observatory that under such conditions photographic results are liable to large, 
and sometimes unaccoimtable, discordances. That the light of all these variables 
changes in the imiform and regular manner indicated by the smooth curves drawn 
free-hand through the observations may readily be doubted. A series of measures 
by the most refined photometric or photo-electric methods, if this were possible, 
might settle the question. In the absence of such determinations, however, it seemed 
not improbable, that mean values, obtained by combining the observations of Table 
XXIII according to phase, might render evident any systematic fluctuations in the 
form of the light curve, if such really are present. Means of 5 observations were 
therefore taken of the following variables: — Nos. 41, 43, 44, 66, 75, 77, 81, and 87. 
The results of this grouping are given in Table XXXV, in which three columns are 
devoted to each star. The first of these columns contains the mean phase of the 
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observationSi the second column, the mean magnitude, and the third column, the 
corresponding deviation from the smooth curve of the usual form drawn through the 
observations. In the case of No. 77, the results of three separate determinations are 
given, as explained below. It is evident that erratic and occasional irregularities 
would not be well shown by such a discussion, but only regularly recurring fluctua- 
tions. An examination of the light ciu^es in Table XXXV and of the colxmms of 
residuals from the smooth curves appeared to give indications of such fluctuations, 
especially in the case of No. 77, which was selected for further study. Under 77 (i), 
are given the results derived from the original observations of Table XXIII, using 
the phases resulting from the period o'*.84707o, which at the time this study 
was undertaken was regarded as the true one. A graphical representation of this 
mean curve is shown in Plate II, Fig. i. From this curve it appears evident that 
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at regularly recurring intervals of precisely one-sixth of the full period, 0*^.847070, 
that is, at intervals of o**. 141 178, beginning at about phase cf^.o$, the star is brighter 
than is indicated by the smooth curve. This is well shown by discussing the resid- 
uals on the assumption of a secondary, superimposed period of o**. 141 178. When 
these residuals are arranged by this period according to phase and then combined in 
mean groups of three, the results are given in the first four colunms of Table 

XXXVI. This is shown graphically in Plate II, Fig. 8. So interesting was this 
outcome, and so accordant with results obtained elsewhere by other observers, that 
it seemed to be worth while to confirm the results by an independent determination 
of as great precision as possible. A special sequence of comparison stars near the 
variable was selected, and their magnitudes were determined by joining them to the 
stars of the original sequence. The results of this determination are given in Table 

XXXVII, in which the first column gives the designations of the stars of this 
special sequence. The second and third columns contain the rectangular coordinates 
from the centre of the cluster, expressed in secqpds of arc. Direct determinations 
of magnitude by comparison with the stars of the original sequence were made, twice 
by Miss Woods and twice by the writer, and the results are given in the fourth and 
fifth columns. The means of the four determinations are given in the sixth column. 
The steps in grades were also estimated by the two observers and the mean values 
are given in the eighth column. These reduced to the scale of the magnitudes in 
the sixth column are given m the ninth column. The adopted magnitudes found m 
the tenth column are the means of the quantities given in the sixth and ninth 
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columns. Variable No. 77 was remeasured with the stars of this sequence by Miss 
Woods and the writer, and the results are given in Table XXXVIII. The measure- 
ments begin with J. D. 2413346. The first column contains the Julian date. The 
second, third, and fourth columns give respectively the determination of magnitude 
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by Miss Woods, by the writer, and the mean. The fifth column gives the residuals 
of the two determinations from the mean. In 21 cases these exceed one tenth of a 
magnitude. A second set of measurements was made in all such cases, but on only 
four plates did the mean magnitude derived from the second measurements differ by 
more than one tenth of a magnitude from the mean of the first measures. These 
differences are for J. D. 3380.602, —0.18; 4066.635, —0.12; 4014.745, +0.15; and 
5581.558, —0.28, obtained by subtracting the second value from the first. The mean 
difference of all is dbo.o?. In nearly all cases, where these large residuals occur, the 
images are poor and faint. In such cases differences of one or two tenths of a 
magnitude wiU probably occasionally occur even when the greatest care is used. 
The phases of the observations, derived from the use of the period o''.84707o, are 
given in the sixth column, and the corresponding residuals from the smooth curve, in 
the seventh column. These results confirm in a general way those obtained from 
the original observations, but the secondary period is less well marked. This feature, 
if genuine, should have been more clearly brought out by the remeasurements. In 
searching fc^: an explanation, a re-examination was made of the period employed, 
cfiA^^o^Oy which is the longest of any star in the cluster, less than one day. The 
period was found to be slightly in error. The clusters were photographed in general 
at about the same time each year, iirhen they were near opposition to the Sim. 
Most of the observations of a variable occur, therefore, in groups at intervals of 
about a year, and a small error in the period, involving one or two returns of maxi- 
mum too many or too few in one year, does not cause large discordances in many 
cases. For No. 77, it was foimd that cfiA^$iio fitted the observations much better 
than the original period used, and a careful test of other periods, both a little larger 
and a little smaller, made it evident that this is the correct period. The original 
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observations were then plotted with the new period and the mean results, found by 
combining the observations in groups of 5 according to phase, are given imder 77 (2) 
in Table XXXV, and a graphical representation, in Plate II, Fig. 3. The results 
obtained by the use of the new period with the magnitudes derived from the measure- 
ments are given in the eighth and ninth colimms of Table XXXVin, and the mean 
results, in Table XXXV, under 77 (3). In Table XXXVI, the fifth to the eighth col- 
umns give the secondary curve derived from the new period and the original measures, 
and the ninth to the twelfth columns, the secondary ciuire obtained from the new period 
and the later measurements. The latter is shown in Plate II, Fig. 10. By reference to 
Figs. 8 and 10, it is seen that a nearly smooth curve with a well marked variation, is 
obtained when the erroneous period is employed, which is to some extent verified by 
the second measiures. With the use of the correct period, however, the variations become 
so small that they may well be attributed to accidental errors. In the former case, 
the mean results give a well marked range of a tenth of a magnitude, but, with the 
use of the correct period, this is reduced to about three himdredths of a magnitude, 
or less. The conclusion seems to be inevitable that the apparent secondary variation 
of one sixth the full period was due, not to some cause inherent in the star, but to 
some harmonic relation between the whole period and the contained error. It is 
evident that caution should be used in accepting such appearances as genuine. 

The writer, in conclusion, wishes to express his high appreciation of the assistance 
rendered during this discussion by Miss H. S. Leavitt, Miss £. F. Leiand, Miss 
I. E. Woods, and by the Director of the Observatory, Professor E. C. Pickering. 
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Plate L Figube i. The duster Messier 5. This chart is a reproductimi of that in HA. 38, 

Plate Vm, Figure 2. The scale is lo*^ = 0.1 cm. The original n^ative, X 6805, had 
an exposure of 75*", on June 29, 1895. The variables 10, 22, 66, 67, 68, 69, 70, 73, and 
75, and the comparison stars a and d are outside the limits of the plate. 
Mean light curve of 10 selected stars of shortest period. See page 164. 
Mean light curve of 10 selected stars of medium period. See page 164. 
Mean light curve of 10 selected stars of longest period. See page 164. 
Mean light curve of all the 30 stars. See page 164. 

Mean light curve of all the 30 stars on the Mount Wilson plates. See page 164. 
The periods of the variables. See page 155. 
FiGXTSE I. Mean light curve of No. 77, from the original measurements and period. 
See page 186. 

No. 62. Simple period. See page 177. 

Mean light curve of No. 77, from the remeasurements and the corrected period. 
No. 62. Corrected period. 

Light curve formed by the combination of two variables of cluster type, with alternating 
maxima. See page 184. 

Resolution of No. 62 into two stars. See page 184. 

Resolution of the mean light curve of 7 variables having double maxima into two stars. 
See page 184. 

No. 77. Apparent secondary light curve. See page 188. 
No. 62. Secular variation of period. See page 180. 
No. 77. Revised secondary light curve. See page 188. 
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Fig. 2. No. 62. Simple Period. 



Fig. 3. No. 77. Corrected Curve. 
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Fig. 6. No. 62. Resolved Light Curves. 
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Fig. 8. No. 77. Secondary Curve. 




Fig. 9. No. 62. Secular Variation. Fig. 10. No. 77. Secondary Curve. 
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VARIABLE STARS IN THE CLUSTER 

MESSIER 15 



CHAPTER DC 



SEQUENCES 07 COlfPARISON STA&S 

f 

Messier 15, N. G. C. 7078, is a condensed globular cluster similar in form and 
structiure to Messier 3 and Messier 5. Its approximate position for 1900 is 21* 25** 9*, 
+ 11® 43'. 7. Sir William Herschel estimated its diameter as 4'. Sir John Herschd 
also observed this object, as " a magnificent globular cluster/' The central con- 
densation of the stars appeared to him so marked as to be compared to a '^ pro- 
tuberance or nipple." The descriptions of these distinguished astronomers illustrate 
how difficult such objects are for visual observation. Few results of great precision 
could be expected before the use of photography, except with instruments of the 
greatest size. The diameter of Messier 15, as determined by the coimt given in 
H.A. 76, 68, is 25^ This coimt included little more than a thousand stars, whose 
distribution is shown in Table V, page 75, of the above publication, to be nearly 
globular, but somewhat irregular. Few, if any, of the clusters called globular are 
precisely globular in form. Minor irregularities nearly always occur, at least among 
the brighter stars, (a Centauri is distinctly elliptical, as stated in H.A. 38, 5, and 
N. G. C. 6266 is extremely flattened on one side, as described in H.A. 76, 74. Recently, 
Pease and Shapley have made an elaborate study of the distribution of the stars in 
a niunber of globular clusters, in order especially to test "for the presence in these 
stellar systems of galactic planes, which should reveal themselves through an elliptical 
distribution of the stars." See Contributions from the Moimt Wilson Solar Observa- 
tory, No. 129. In the case of Messier 15, coimts were made on ten plates, having 
exposures ranging from i*" to 312'". On the plates of short exposiure, the distribution 
presents irregularities varying with the exposure, but does not appear to show any 
axis of synunetry. On Plate 25, however, having an exposure of 312**, and showing 
29,000 stars, the cluster has a well-marked elliptical form. In general, the authors 
state that, " Axes of symmetry in these dusters do not appear imtil the arrange- 
ment of several thousand stars is analyzed." 
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In this duster 51 variables were found at Arequipa, in 1895, from an examina- 
tion of photographs made with the 13-inch Boyden Telescope. In general, these 
photographs had exposures of about loo*", and showed somewhat more than 1000 
stars, of which about 900 were sufficiently well separated to permit an examination 
for the detection of variables. The study of these variables has been much delayed. 
While it was in progress, an examination of the variables on a series of photographs 
made with the 60-inch Reflector on Moimt Wilson was planned by Dr. Harlow 
Shapley. To prevent duplication, he generously sent his photographs to Cambridge 
for measurement and inclusion in the discussion of the Harvard photographs. Alto- 
gether, about 150 photographs were available. In order to avoid imnecessary labor 
and expense in measurement and publication, this nimiber of plates was cut down 
to 75, which has been foimd sufficient for a satisfactory determination of the ele- 
ments of variable stars. The Moimt Wilson plates were of superior quality and 
grouped in convenient series. They were nearly all retained, therefore, but only the 
best and most favorably situated plates taken with the 13-inch Boyden Telescope at 
Arequipa and the 24-inch Reflector at Cambridge were used. The selected series of 75 
photographs extends from July, 1896, to November, 1916, an interval of over twenty 
years. Dxiring the measiurement of the variables 15 new variables were discovered, 
making the whole nimiber included in the present discussion 66. Those found at 
Arequipa were niunbered i to 51, and the new ones, 52 to 66. Of the latter, Nos. 
52, 55, 56, 57, 60, and 66 were discovered by Miss E. F. Leland and Nos. 53, 54, 
58, 59, 61, 62, 63, 64, and 65, by Miss I. E. Woods. 

All the variables foimd belong to the thousand brighter stars of the duster. In 
general, they range in brightness from a little below the fifteenth to a little below 
the sixteenth magnitude. As to the variability of the vast niunber of fainter stars, 
which are present in the cluster but which are too faint to be well shown on the 
plates used in this discussion, nothing is at present known. 

A sequence of comparison stars for the variables in Messier 15 was given in 
H.A. 38, 243, and a chart of the cluster showing these stars, in Fig. 2, Plate XH, of 
the same volume. Later, it became necessary to add other sequences of compariscm 
stars. The determination of the photographic magnitudes of all these comparison 
stars has been made by Miss Leavitt whose discussion of her results follows. 

The basis of the scale of magnitudes is a comparison with the North Polar 
Sequence by means of three plates taken in series, on as many different nights. The 
faintest star measurable was 1, magnitude 15.3, and this was seen only on one plate. 
As stars brighter than 1 are seldom needed in observing the variables, it was neces- 
sary to extrapolate for practically the entire range of magnitudes employed Two 
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methods were used for this ptuposey namely^ the diffraction grating on the 24-inch 
Reflector, and a comparison of exposures of different lengths on ten plates taken with 
the 60-inch Moimt Wilson Reflector, By means of the grating, the scale was ex- 
tended to star o, magnitude 16.0, although as the plates were not satisfactory the 
results were regarded as somewhat imcertain. In deriving a scale from the Moimt 
Wilson plates, four plates having exposures of 12*", 15*", is**, and 20*", respectively, 
were measiu^ and compared with six having exposures of 3*" or 4*" each. Curves 
which may be designated a were drawn, having as their coordinates the scale read- 
ings and the differences foimd by subtracting these from the magnitudes depending 
on series plates through star 1. The differences were read off from the smooth curve 
a for every half unit of the scale and the resulting quantities for the four plates of 
longer exposiures were subtracted in turn from those corresponding to the same 
readings on the six plates of short exposiures. If the curves were parallel, the differ- 
ences would be constant for each pair of plates, whatever the scale reading. The 
magnitudes of faint stars could then have been determined by correcting the readings 
on long exposure plates by means of the ciurves, a, drawn for those of shorter 
exposure, and adding the observed constant. Owing to differences in the gradation 
of the plates, however, the curves are not parallel. The differences for each pair of 
plates, therefore, were plotted against the corresponding readings, and the resulting 
curves, fr, were extended, assiuning that the rate of divergence remained constant. 
After correcting the readings of the faint stars on the foiu: long exposure plates by 
means of ciurves, a, drawn for those of short exposiure, the results for each pair of 
plates were further corrected from the corresponding ciurves, b. In this way six 
scales of magnitude were obtained for each plate of long exposure, or twenty-four in 
aU, through star p, magnitude 16.4. The average deidation from the mean derived 
on the six plates of short exposure for stars 1 to p, inclusive, was dbo.084 magn. 
The average deidation of the means thus derived for each of the plates of long 
exposure from the mean of the four was dbo.140 magn. A second extrapolation was 
necessary to carry the scale down to star t, but the fainter stars were not used for 
observing the variables. 

The material employed for determining the magnitudes of the comparison stars 
may be summarized as follows: — 

(i) Comparisons with the North Polar Sequence on three plates taken in series 
on different nights, using the 16-inch Metcalf Telescope. Through star 1, magn. 15.3. 
The magnitudes thus derived formed the basis of the remaining determinations. 

(2) Magnitudes derived from three plates taken with the grating on the 24-inch 
Reflector. Through star o, magn. 16.0. 
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(3) Magnitudes derived from four Mount Wilson plates of longer exposures, 
compared with six of shorter exposures. Through star t, provisional magn. 17.9. 

(4) Measures on six Mount Wilson plates of shorter exposures, reduced graphi- 
cally to a scale formed by taking the mean of (i), (2), and (3). 

(5) Estimates of intervals between successive comparison stars on four plates 
taken with the 13-inch Boyden Telescope and reduced in the same way as (4). 

(6) Estimates, by a different observer, of intervals on four Mount Wilson plates, 
reduced in the same way as (4) and (5). 

The adopted magnitudes were obtained by taking the mean of the six methods. 
The accidental errors are very small, on accoimt of the large number of plates 
employed, but the scale was felt to be rather uncertain, owing to the extended 
extrapolation. Fortimately, it has now been confirmed from an independent source. 
While the observation of the variables was in progress. Dr. Harlow Shapley kindly 
sent magnitudes obtained by direct comparison with the North Polar Sequence on 
Mount Wilson plates. It is foimd that the two scales are nearly the same, after 
allowing for the sjrstematic difference known to exist between the Harvard and 
Moimt Wilson magnitudes, as will be shown below. The inclusion of the magnitudes 
sent by Dr. Shapley would have made no appreciable difference in the results for 
the variables, and as the observations were nearly finished, no changes were made. 

In Table XXXIX, the designation and the coordinates in x and y, as given in the first 
three colmnns, are taken from H.A. 38, Table XXIV, page 243, for stars not having 
the niunber i attached. The latter were added to the original sequence, for greater 
convenience in observing the variables, and the positions are referrec^ to the same 
sjrstem. The faint stars, r, s, and t, have also been added. A star whose coordinates 
in X and y are -f 20*^.0 and —210*^.8, respectively, magnitude 15.63, was not needed in 
the discussion and has been omitted from the table. The fourth and fifth columns give 
the magnitude (i), derived from series plates, and the corresponding residuals. The 
adopted magnitude is given in the sixth coliunn, and is followed in the seventh coliunn 
by the residuals from the six magnitudes enumerated on page 201. The eighth coliunn 
gives the difference found by subtracting the adopted magnitude from that sent by 
Dr. Shapley. After taking out the constant difference, -fo.28 magn., the average differ- 
ence is ±0.093 ntiagn. Dr. Shapley states that the magnitude for star q is imcertain. 
Omitting this, the constant becomes +0.30, and the average difference ±0.084. A fairer 
comparison may be made by applying the known difference between the Harvard and 
Mount Wilson scales, depending on the magnitudes of the North Polar Sequence, as given 
in H.A. 71, No. 3, page 231, and in the Mount Wilson Contributions No. 98, Table 
II, Coliunn 2. After subtracting these corrections from the observed differences in 
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the eighth column, there remains a constant difference of +0.05 magn., which is, 
perhaps, not surprising, considering that the nmnber of plates used for comparison 
with the Pole is not large. The last column gives the corrected differences of Dr. 
Shapley's magnitudes from those adopted. In order to recover the values applied 
for the systematic difference between Harvard and Moimt Wilson, the quantities in 



TABLE XXXIX 



COMPARISON STARS 



Det. 



a 
b 

c 
d 
e 
f 

g 
h 

k 

1 

V 

n 

n* 

m 

o 

P 
P* 

q 

r 

8 

t 



- 47.S 
+ 187.I 

— 122.6 

- 74.2 

+ 65.0 
-238.2 

— 213.I 
+ 156.6 
+ 24.4 

+ S-4 

+ 63.4 

- 8.1 
+ 62.7 
+ 83.6 

- 24.0 

+ iS-o 

- 24.0 

- 4. 

- 0.8 

+ 32.3 
+ 39-S 



+200.4 

+ 149-6 
— 116.7 

+ 149-2 

— 76.3 
-187.6 

— 108.4 

— 88.2 

— 74.8 

— 216.4 

— 249.0 
-282.8 

— 202.4 

— 239.0 

-33S-6 
-253.2 

-389-9 

— 222.8 

-329. 

— 260.0 
-238.8 
-223.1 



Prelim. Ptg. 



13.69 
14.18 

14-34 
14-39 
I4-SI 

14-57 
14.80 

15.18 
15.26 

15-43 



Residuak. 



18,1 1,2p 
06y02,0p 

i4,op,o(5 
28,j(5,jj 
i8,07,jj 
08,10,03 
04,0^,13 
..,1(5,17 

• • • • * • A, 



Ptf. 



13.69 
14.18 

14-34 

14.39 

14.51 

14.57 
14.89 

15.09 

15.22 

15.31 

15.54 

15.64 

15.65 
15.69 

16.01 

16.16 

16.41 

16.73 
16.93 

17.28 

17.64 
17.87 



Reaiduab. 






>. • f 
,. ., 



A, 
A, 
A, 
A, 

A,. .,. .,. .,. .,. . 
OQjIOj, .,01,08,12 
09,01,12,07,00,10 
04,^5,^5,03,07,08 

i2,op,o8,o6,03,o(5 
, . . ,00,05,04,01 

,0(5,00,04,02,02 

,..,ii,o4,o»,o7 
,03,00,00,04,07 
,02,03,01,00,06 
,..,03,02,05,07 
,..,03,01,07,10 
,..,00,04,13,10 

, .,03,03,03,04 
,..,00,01,04,05 
, . . ,00,00,04,04 
,..,01,02,05,07 



Diff. 
W 



+0.45 

+0.33 
+0.24 

+0.42 

+0.25 

+0.41 

+0.12 

+0.14 

+0.27 

+0.37 

• • 

+0.38 

• • 

+0.28 
+0.26 

• • 

+0.23 

• • 

—0.02 



Coir. Di£f. 



+0.14 
+0.02 

— .007 
+0.12 

— 0.05 
+O.II 
-0.18 
-0.15 
— O.OI 

+0.10 

. . 

+0.13 

. . 

+0.03 
+0.03 

• • 

+0.03 

. . 

—0.19 



the last column should be changed by +0.05 and then subtracted from those in the 
eighth coliunn. The average value of the corrected differences is ±0.091, and they 
appear to have no sjrstematic character. Omitting star q, for which Dr. Shapley's 
magnitude is doubtful, the constant becomes +0.06, and the average difference 
+0.077. This agreement may be considered to be very satisfactory. 

Many of the variables are too far from the sequence for convenient observation, 
and two additional sequences were selected. They were measured on eight plates, 
four taken with the 13-inch Boyden Telescope, and four with the 60-inch Mount 
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Wilson Reflector. The prindpal sequence was measured also on each plate. For 
Sequence 2, the intervals between the successive comparison stars were also esti- 
ntiated in grades. All the measures were reduced graphically to the scale of the 
principal sequence. In Table XL, the successive coliunns give the designation, the 
coordinates in x and y^ the mean of the magnitudes derived from the different sets 
of observations, and the corresponding residuals. The stars are distinguished from 
those of the principal sequence, by attaching the numbers 2 or 3 to the letters as 
given in the first colunm. 

TABLE XL 

ADDITIONAL SEQUENCES 



Det. 


X 


y 


Magn. 


Resid 


Des. 


X 


y 


Magn. 

■ 


R«sid. 


1» 



+ 254.6 




+ 9S-0 


15.61 


02,00,01 


1» 




— 199.8 


m 

+ 91-8 


1545 


01,01 


m» 


+ 189.0 


+103.1 


15.77 


00,00,01 


m* 


-153.4 


+ 89.S 


1557 


OJ,OI 


n« 


+ 190.6 


+ 10.4 


15.85 


0J,O2,O2 


n» 


— 129.6 


+ 81.0 


15.86 


04PZ 


o» 


+ 97.2 


+ 94-6 


16.07 


01,01,00 


o» 


- 96.8 


+165.8 


16.02 


04,0^ 


P* 


+ 336.8 


+ 87.6 


16.23 


04,02,0(5 


p» 


- 88.1 


+170.6 


16.36 


o8,oj 


q' 


+ 188.9 


+ 69.8 


16.50 


04,0J,00 


q* 


— 194.6 


+112.7 


16.55 


op,o9 


r» 


+ 176.6 


+ S9-S 


16.7s 


O3f02,o5 


I» 


— 276.8 


+ 158.2 


16.74 


05,04 


s« 


+ 2IO.S 


+ 74.3 


17.28 


01,00,01 


s» 


-143.2 


+ 60.8 


17.00 


o5,o8 


t» 


+ 279.2 


+184.3 


18.01 


03,^3,00 


t« 


— 216.2 


+144.0 


17.14 


ii,ii 












u» 


— 189.9 


+ 73.6 


17.43 


00,00 












w» 


-194.2 


+ 38.8 


17.91 


o6,o(5 



Stars in the three sequences which are fainter than p, magnitude 16.4, were not 
needed in observing the variables. Owing to the fact that a method of approxima- 
tion was used, they are subject to errors of scale which may be large for those 
fainter than the seventeenth ntiagnitude. The accidental errors are small, however, 
and the magnitudes can be reduced easily to a definitive scale, whenever one is 
established. As they would be useful for observing fainter variables, if any should 
be discovered, and for statistical studies, they are included in the tables. Stars m, 
n, and o were used but little, the first, because a faint companion is so close that 
the images are usually superposed, the other two, because they are more distant 
from the centre than other comparison stars of about the same brightness. 

Variable 28 is so far from the centre of the cluster that a special sequence 
was selected. The three stars a*, b*, and c*, have their coordinates in x, +362*^.6, 
+253*^.2, and +405*^.2, respectively, and in y, +476*^.6, +s83^s, and +421*^.2, re- 
spectively. They were measured at the same time with suitable stars in the prin- 
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dpal sequence, using four plates taken with the 13-inch Boyden Telescope, on which 
the corrections for distance are comparatively small. The means of the resulting 
magnitudes were, for a*, 15.17, for b*, 15.92, and for c*, 16.14, which were adopted. 
The average deviation for the four plates is =lio.o62 magn. 

The results for Variable 49 were also imsatisfactory when the star was compared 
with the stars of either of the foregoing sequences. Three additional stars, called a*, 
b*, and c* were therefore selected near the variable. The corresponding magnitudes 
are 14.99, i5-44; ^md 15.72, respectively, and their positions in x, +23*^.9, +27*^.8, 
and +32^5, and in y, +221^8, +217*^.6, and +193*^.4. 



yr. ' 



CHAPTER X 

OBSERVATIONS OF THE VARIABLES IN MESSIER 1 5 

The measurements of brightness of the variables in Messier 15 have been made 
by Miss Leland and Miss Woods. They foimd it impossible to obtain satisfactory 
measurements of variables distant from the comparison stars employed, and other 
comparison stars, in different parts of the cluster, were added to the original sequence 
given in H.A. 38. This has greatly improved the results. Indeed, the selection of 
the nearest stars of constant bri^tness for the measurement of each variable would no 
doubt give more accordant results in the majority of cases than those now obtained. 
The great amount of work, which the use of such large numbers of stars as standards 
of magnitude would involve, has prevented the execution of this plan at the present 
time. Moreover, while the results thus obtained would have been more accordant, 
they would seldom have differed materially from those actually foimd. See H.A. 38, 
Chapter V. All the variables were measured independently by each observer, and 
the magnitudes given in Tables XLII and XLIII are the means of the two deter- 
minations. Both measxires of 5 and 14, however, were made by Miss Leland. The 
residuals from the individual measures are not given in the table, but a discussion 
of them will be foimd on page 227. Whenever these residuals were 0.5 magn., or 
greater, the star was remeasured by both observers and the results are given in Table 
XLIV. No remeasurements have been made on accoimt of discordances from the 
mean light curve, when the two observers were in agreement. In such cases, how- 
ever, the image of the star has been carefully examined with a high power. If the 
image was found to be perfect, the results were allowed to remain, but if defective, 
the results were rejected. 

The early photographs used in the discussion belong to the X series and were 
made at Arequipa with the 13-inch Boyden Telescope during the years 1896 to 1908. 
An exposure of 100"* was in general necessary to show the variables well at mini- 
mum. The excellent plates made with the 60-inch Reflector on Mount Wilson are 
here designated by the letters MW. They include two long series on the successive 
days, August 14 and 15, 1915, and exposures on two nights in 1916. These series 
of plates served admirably for the determination of the approximate periods. To 
bring the discussion down to as late a date as possible, a series of photographs was 
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TABLE XLI 



DESCRIPTION OF PLATES 



Plate 


Date 


J.D. 


Ex. 


Quality 


Plate 


Date 


J.D. 


Ex. 


Quali«7 




y. 


m. 


d. 


d. 


m. 






y. 


m. 


d. 


d. 


m. 




X 7767 


96 


7 


29 


3770.633 


120 


3 


MW 2620 


15 


8 


IS 


0725.852 


5 


4 


X 7985 


u 


9 


12 


3815-548 


120 


3-5 


MW 2621 


a 


u 


u 


" .857 


4 


4-5 


X 7986 


u 


u 


u 


" .635 


120 


3.5 


MW 2623 


a 


a 


u 


« .916 


5 


4-5 


X 8014 


u 


a 


30 


3833-554 


167 


3 


MW 2624 


a 


u 


a 


** .926 


IS 


4.5 


X 8664 


97 


6 


10 


4086.763 


1 10 


3 


MW 2626 


a 


a 


u 


« .937 


5 


4.5 


X 8780 


u 


8 


3 


4140.634 


120 


3-5 


MW 2628 


a 


u 


a 


" .967 


4 


3.5 


X 8869 


u 


10 


2 


4200.535 


no 


4.5 


MW 2629 


u 


a 


u 


" .972 


5 


3-5 


X 8912 


u 


u 


12 


4210.527 


120 


4 


MW 2631 


u 


a 


a 


" .981 


8 


4 


X 8920 


a 


a 


14 


4212.581 


123 


4 


MW 2632 


u 


a 


a 


" .994 


19 


3 


X 10893 


04 


10 


7 


6761.629 


105 


3 


MW 3394 


16 


8 


23 


1099.717 


2S 


4 


X 10897 


u 


u 


13 


6767.536 


no 


3 


MW 3395 


u 


a 


u 


" .737 


25 


4 


X 12162 


08 


8 


29 


8183.646 


120 


3 


MW 3396 


a 


a 


a 


« .772 


14 


5 


MW2S80 


IS 


8 


14 


0724.652 


5 


4 


MW 3401 


a 


a 


a 


" .917 


20 


4 


MW 2582 


a 


a 


a 


« .669 


4 


4 


MW 3428 


u 


9 


6 


1113.627 


5 


4 


MW 2584 


a 


a 


a 


" .699 


4 


4 


MW 3429 


a 


u 


« 


" .636 


8 


5 


MW 2585 


a 


a 


u 


" .703 


4 


4 


MW 3432 


u 


a 


a 


" .683 


9 


5 


MW 2587 


u 


a 


a 


" .733 


3 


3-5 


MW 3434 


a 


a 


a 


" .721 


S 


5 


MW 2588 


a 


u 


u 


" .738 


4 


4 


MW 3437 


a 


u 


a 


" .763 


8 


5 


MW 2590 


a 


u 


a 


" .764 


4 


3 


MW 3439 


u 


u 


a 


" .775 


5 


5 


MW 2592 


u 


a 


a 


" .794 


4 


4 


MW3441 


u 


u 


a 


" .811 


5 


4 


MW 2593 


a 


a 


u 


" .798 


5 


4.5 


MW3444 


a 


a 


u 


' .897 


5 


4 


MW 2595 


a 


u 


a 


« .825 


4 


S 


MW3446 


a 


u 


a 


" .921 


6 


4 


MW 2596 


u 


u 


a 


" .839 


5 


4 


MW3447 


u 


a 


u 


"* .930 


10 


4 


MW 2597 


u 


u 


a 


" .856 


5 


3-5 


H 1715 


a 


u 


21 


1128.623 


60 


3 


MW 2598 


u 


u 


a 


" .862 


3 


3 


H 1716 


u 


u 


25 


1132.533 


45 


3-5 


MW2600 


u 


u 


u 


" .894 


5 


4.5 


H 1719 


a 


a 


a 


« .660 


50 


3-5 


MW 2602 


a 


a 


u 


" .911 


5 


5 


H 1720 


a 


u 


26 


1133.533 


45 


3-5 


MW 2604 


u 


a 


u 


" .946 


5 


4.5 


H 1722 


u 


a 


a 


« .612 


48 


3 


MW 2606 


a 


u 


a 


« .982 


5 


4 


H 1724 


a 


u 


28 


1135.582 


45 


3 


MW 2607 


a 


a 


u 


« .987 


5 


4 


H 1725 


a 


a 


« 


« .618 


46 


3-5 


MW 2608 


u 


u 


IS 


0725-653 


5 


4 


H 1726 


u 


u 


30 


1137.574 


48 


3 


MW 2610 


a 


u 


u 


" .677 


5 


4 


H 1728 


a 


10 


2 


1 139.618 


45 


2.5 


MW 2612 


u 


a 


u 


" .711 


5 


4 


H 1732 


u 


u 


26 


1163.490 


62 


3 


MW 2613 


u 


a 


u 


' .721 


IS 


4 


H 1733 


a 


a 


u 


" .548 


60 


3 


MW 2614 


a 


u 


a 


" .729 


4 


4 


H 1737 


a 


u 


27 


1 164.47 1 


40 


3 


MW 2616 


a 


a 


u 


" .792 


5 


4.5 


H 1745 


u 


II 


16 


1 184.501 


52 


3 


MW 2618 


a 


u 


u 


" .812 


4 


4 


H 1746 


a 


a 


a 


.540 


52 


3-5 


MW 2619 


u 


a 


a 


" .821 


12 


5 

















made during the latter part of 1916 at Cambridge, with the 24-inch Reflector. This 
series is designated by the letter H. Conditions in Cambridge are not favorable for 



photographs of this nature. The observers have found the measurement of many of 
the variables difficult on the H plates and in some cases have omitted them. 

The brightness of the variables was estimated directly by con^)arison with the 
known magnitudes of the comparison stars, usually only to the tenth of a magni- 
tude. The mean magnitudes given in the table, however, are expressed to htm- 
dredths, but when either observer considered the image too difficult for measurement, 
so that only one determination was obtained, the result is given only to tenths. 
A description of the plates used is contained in Table XLI. The first colunm gives 
the series and number of the plate, the second column, the year, month, and day in 
which the plate was made, and the third colunm, the Julian date of the mean time 
of the observation, expressed to thousandths of a day. These dates have been cor^ 
rected for the equation of light The fourth and fifth colmnns contain the duration 
of the exposure expressed in minutes, and the quality of the plate on a scale of 5, 
in which i is worthless, 2 poor, 3 fair, 4 good, and 5 excellent. Table XLII con- 
tains the results of the measurement of the variables on the 75 selected plates, 
except that, for convenience in printing, the results for the last two plates are given 
in Table XLm. The Julian date is given in the first colunm of each page in 
Table XLII, and refers equally to all the stars given on the same page. Three 
colimauQS are used for each variable as in the preceding parts of this volume, the 
first colunm containing the observed magnitude, the second, the phase of the obser- 
vation, or the time since the last conq>uted maximum, and the third, the corre^ 
sponding deviation of this magnitude from a smooth curve drawn throu^^ all the 
observations plotted according to phase. In the third cdunm, positive vahies signify 
that the measiured magnitude is fainter, and n^;ative values, printed in Italics, that 
it is brighter than is indicated by the mean light curve. Dots in the first column 
indicate that for some reason no measurement was made. This was due in some 
cases to defective stellar images and in other cases to the quality of the plate and 
the nearness of adjacent stars, which causes a confusion of the stellar images unless 
the definition of the plate is exceptionally good. This trouble increases toward the 
centre of the cluster, which is so dense that a detailed study of the individual star$ 
becomes impossible on most plates. Dots in the second and third colunms show 
that no period has been determined. Dots in the third colunm may also indicate 
that no precise magnitude was determined. 
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0.396 


06 


15-65 


O.II9 . 


16 15.12 


O.OII 


16 


16.20 


0.320 10 


" .699 


15.72 


0.053 


06 


16.02 


0.257 


05 


15-95 


0.426 


00 


15.90 


0.149 < 


52 15.35 


0.041 


02 


16.20 


0.350 09 


" .703 


15.82 


0.057 


14 


15.88 


0.261 


10 


15.80 


0.430 


15 


15-78 


O.IS3 ^ 


12 15.30 


0.045 


06 


16.10 


0.354 01 


" .733 


15.70 


0.087 


12 


15-95 


0.291 


07 


15-95 


0.460 


01 


15.98 


0.183 < 


51 15-50 


0.075 


06 


16.15 


0.384 02 


" .738 


15.90 


0.092 


06 


16.20 


0.296 


18 


15.98 


0.465 


01 


15-95 


0.188 ( 


03 15.68 


0.083 


06 


16.20 


0.389 07 


" .764 


16.00 


0.118 


05 


16.04 


0.322 


01 


15.82 


0.491 


15 


16.00 


0.214 < 


01 15.82 


0.106 


08 


16.15 


0.415 02 


" .794 


16.30 


0.148 


24 


16.20 


0.352 


13 


16.15 


0.521 


17 


15-95 


0.244 < 


^8 15.82 


0.136 


06 


16.18 


0.44S 05 


« .798 


16.22 


0.152 


16 


16.02 


0.356 


05 


15.92 


0.525 


05 


16.10 


0.248 < 


57 15-85 


0.140 


05 


16.05 


0.449 08 


" .825 


16.15 


0.179 


03 


16.20 


0.383 


II 


15.90 


0.552 


08 


16.05 


0.275 < 


DI 16.05 


0.167 


OS 


16.02 


0.476 og 


" .839 


16.32 


0.193 


18 


16.22 


0.397 


13 


16.15 


0.566 


17 


16.00 


0.289 ^ 


?J 16.10 


O.181 


06 


16.04 


0.490 05 
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J.D. 


No. 7. Per. o''.3487«6 1 No. 8. Per. d'.646>45 


No. g. Per. d*.7is»7o 


No. 10. Per. o^.307< 


85 No. II. Per. 6^.3435585 


No. I a. Per. d'-sgagid 1 


Magn. 


Phase R( 


s. Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase B 




Phase 


Res. 


Magn. 


Phase 


Res. 


d. 




d. 




d. 






d. 






d. 




d. 






d. 




0724.856 


16.18 


0.210 


4 15.95 


0.414 


16 


16.10 


0.583 


14 


1595 


0.306 ( 


^3 15.98 


0.198 


07 


15.78 


0.507 


19 


« .862 


15.95 


0.216 2 


16.1 


0.420 


• • 


15.90 


0.589 


04 


15.90 


0.312 ( 


M 15.95 


0.204 


10 


15.88 


0.513 


02 


" .894 


16.00 


0.248 I 


4 15.92 


0.452 


20 


15.70 


0.621 


06 


15-58 


0.344 < 


j8 16.00 


0.236 


07 


15.50 


0.545 


18 


* .911 


15.80 


0.26s J 


15.92 


0.469 


21 


15-35 


0.638 


15 


15-72 


0.361 : 


[2 16.05 


0-253 


01 


15.25 


0.562 


01 


" .946 


15.48 


0.300 2 


5 16.05 


O.SO4 


09 


15-30 


0.673 


06 


15.45 


0.396 ( 


76 15.90 


0.288 


04 


15.30 


0.004 


08 


« .982 


15.48 


0.336 


<8 16.12 


0.S40 


01 


15.18 


0.709 


06 


15.40 


0.034 


^4 15.25 


0.324 


09 


15-40 


0.040 


12 


" .987 


15-68 


0.341 I 


2 16.18 


O.S4S 


OS 


15-18 


0.714 


06 


15.50 


0.039 ( 


55 15-35 


0.329 


02 


15.52 


0.045 


22 


0735.653 


15.88 


0.310 2 


■2 16.25 


0.S64 


IS 


15-38 


0.665 


10 


15.82 


0.307 


^5 15.55 


0.309 


28 


15.98 


O.I18 


38 


« .677 


15.59 


0.334 c 


•3 1580 


0.588 


05 


I5-2.S 


0.689 


09 


15.50 


0.331 - 


26 15.22 


0.333 


09 


15.88 


0.142 


17 


" .711 


15.49 


0.019 C 


'« 15.35 


0.622 


02 


15.20 


0.008 


07 


15.60 


0.365 < 


32 15.18 


0.023 


II 


15.88 


0.176 


06 


" .721 


15.65 


0.029 G 


16 15.30 


0.632 


04 


15.18 


0.018 


04 


15.62 


0.375 < 


D7 15.22 


0.033 


II 


16.05 


0.186 


19 


" .729 


15.58 


0.037 C 


•J 15.28 


0.640 


OS 


1530 


0.026 


13 


15.3s 


0.383 


19 15-28 


0.041 


06 


16.00 


0.194 


13 


" .792 


15.85 


O.IOO c 


'3 15.35 


0.047 


04 


15.30 


0.089 


07 


IS-7S 


0.048 


17 15-75 


0.104 


01 


16.22 


0.257 


20 


« .812 


15.80 


0.120 1 


6 15.42 


0.077 


01 


15-50 


0.109 


06 


15-75 


0.068 


II 15.82 


0.124 


01 


16.08 


0.277 


04 


« .821 


16.10 


0.129 I 


15.50 


0.086 


06 


15-42 


O.I18 


05 


15.88 


0.077 


21 15.88 


0.133 


01 


16.10 


0.286 


03 


" .852 


l6.20 


0.160 I 


1 1555 


0.117 


01 


15-52 


0.149 


03 


1582 


0.108 < 


OS 16.00 


0.164 


00 


16.20 


0.317 


10 


« .857 


15.98 


0.165 ^ 


2 15.60 


0.122 


03 


15-58 


0.154 


01 


15.95 


O.II3 


16 16.05 


0.169 


04 


16.18 


0.322 


07 


« .916 


16.29 


0.224 I 


4 15.65 


0.181 


12 


15-70 


0.213 


03 


15-95 


0.172 < 


00 16.05 


0.228 


01 


16.10 


0.381 


03 


" .926 


16.40 


0.234 2 


■5 15.88 


0.191 


09 


15-70 


0.223 


04 


16.02 


0.182 < 


35 16.20 


0.238 


13 


16.20 


0.391 


07 


" .937 


16.02 


0.24s ^ 


3 15.82 


0.202 


01 


15-85 


0.234 


09 


15.98 


0.193 < 


^^ 15-95 


0.249 


12 


16.12 


0.402 


01 


" .967 


16.20 


0.27s I 


9 15.94 


0.232 


02 


15-79 


0.264 


02 


16.08 


0.223 < 


d6 15.90 


0.279 


II 


16.05 


0.432 


08 


* .972 


16.08 


0.280 I 


16.0 


0.237 


• • 


15.80 


0.269 


03 


16.02 


0.228 ( 


DO 15.92 


0.284 


04 


16.00 


0.437 


13 


" .981 


16.12 


0.289 2 


9 15.85 


0.246 


10 


15.70 


0.278 


^3 


15.95 


0.237 i 


08 15.95 


0.293 


05 


16.10 


0.446 


03 


* .994 


15.9 


0.302 . 


. 16.0 


0.259 


• • 


15.75 


0.291 


10 


16.05 


0.250 < 


^2 15.7s 


0.306 


15 


16.10 


0.459 


02 


1099.717 


16.15 


O.I16 2 


I 16.12 


0.452 


00 


15.38 


0.642 


10 


15.58 


0.393 < 


D7 16.00 


0.237 


06 


15.45 


0.052 


13 


" .737 


16.25 


0.136 2 


3 16.08 


0.472 


05 


15-25 


0.662 


06 


15.35 


0.014 . 


16 16.15 


0.257 


09 


15.35 


0.072 


03 


" .772 


16.22 


O.I7I I 


1 16.15 


0.507 


01 


15.18 


0.697 


04 


15.58 


0.049 < 


DI 16.00 


0.292 


10 


15.72 


0.107 


18 


" .917 


15.80 


0.316 I 


7 15.28 


0.006 


06 


15.42 


0.127 


08 


16.00 


0.194 < 


31 15.70 


0.095 


01 


16.00 


0.252 


02 


III3.627 


15.95 


0.074 I 


9 1565 


O.I4S 


00 


15-78 


0.247 


01 


15.58 


0.378 < 


D3 15.28 


0.061 


20 


• • • ■ 


.... 


. . 


" .636 


16.08 


0.083 2 


8 15.79 


0.154 


II 


15.88 


0.256 


08 


15.70 


0.389 


18 15.55 


0.070 


03 


16.28 


0.325 


17 


" .683 


16.20 


0.130 2 


15.7s 


0.201 


07 


16.05 


0.303 


18 


15.60 


0.036 < 


d6 15.82 


O.II7 


02 


16.3s 


0.334 


24 


" .721 


16.32 


0.168 2 


1 15.85 


0.239 


08 


16.05 


0.341 


13 


15.75 


0.074 < 


58 15.9s 


O'lSS 


01 


16.28 


0.381 


16 


" .763 


16.34 


0.210 I 


9 16.00 


0.281 


00 


15.85 


0.383 


08 


15.82 


O.I16 < 


D2 16.05 


0.197 


01 


16.10 


0.461 


02 


" .775 


16.25 


0.222 I 


16.00 


0.293 


02 


15-85 


0.39s 


09 


15.90 


0.128 < 


37 16.10 


0.209 


OS 


16.12 


0.473 


01 


« .811 


15.98 


0.2S8 I 


6 16.15 


0.329 


II 


15.98 


0.431 


02 


15.88 


0.164 ( 


95 16.08 


0.245 


01 


16.05 


0.509 


09 


" .897 


15.72 


0.344 I 


6 16.25 


0.415 


15 


15.80 


0.517 


18 


16.10 


0.250 < 


^7 15.40 


0.331 


08 


15.3s 


0.002 


13 


* .921 


15.71 


0.019 I 


4 16.05 


0.439 


06 


15.98 


0.541 


00 


16.00 


0.274 i 


04 15.40 


0.013 


12 


15.40 


0.026 


16 


" .930 


15.88 


0.028 2 


9 1605 


0.448 


06 


15.85 


0.550 


^3 


16.08 


0.283 < 


^5 15.35 


0.022 


OS 


15-40 


0.035 


13 


1128.623 


15.80 


0.071 


5 15.9 


0.277 


• • 


15-70 


0.223 


03 


16.05 


• • • • 


. . 15.80 


0.284 


17 


15.95 


0.498 


ti 


"32.533 


16.15 


O.I4S I 


I 16.1 


0.310 


• • 


16.15 


0.556 


17 


16.00 


• • • • 


. . 15.70 


0.071 


16 


16.02 


0.258 


00 


" .660 


15.80 


0.272 2 


3 15.90 


0.437 


21 


15.35 


0.683 


IS 


15.80 


• • • • 


.. 15.98 


0.198 


07 


15.88 


0.385 


25 


"33533 


16.1 


0.098 . 


. 1522 


0.017 


01 


15.48 


0.126 


00 


16.05 


• • • • 


.. 15.50 


0.041 


IS 


15.20 


0.072 


17 


« .612 


15.9 


0.177 . 


. 15.8 


0.096 


• • 


15.62 


0.205 


08 


16.05 


• • ■ • 


.. 15-65 


0.120 


^7 


15.90 


O.15I 


16 


"35582 


15.9 


O.OS4 • 


. 15.8 


0.128 


• • 


15.28 


0.029 


II 


16.0 


• • • • 


•• 15.35 


0.028 


04 


15.88 


0.342 


^3 


" .618 


15.7 


0.090 . 


. 15.8 


0.164 


• • 


15.42 


0.065 


13 


15-90 


• • • • 


•• 15.45 


0.064 


05 


16.05 


0.378 


08 


"37574 


• • • • 


• • • • • 


• 15-75 


0.181 


02 


15.7s 


0.590 


19 


15.80 


• • • • 


. • 15-45 


0.303 


25 


15.18 


0.556 


08 


1139.618 


• • • • 


• • • • • 


. 16. 1 


0.286 


• • 


15.80 


0.488 


17 


15.90 


• • • • 


. . 15.70 


0.286 


25 


15.70 


0.228 


27 


1163.490 


• • • • 


• • • • • 


. iS-8 


0.247 


• • 


15.10 


0.041 


13 


15.65 


• • • ■ 


.. 15.88 


0.108 


13 


15.95 


0.383 


18 


" .548 


• • • • 


• • • • • 


- 15.9 


0.305 


• • 


15.28 


0.099 


13 


15.65 


• • • • 


. . 16.00 


0.166 


00 


15-95 


0.441 


18 


1 164.47 1 


• • • • 


• • • • • 


• • • • • 


• • • • 


• • 


15.6 


0.307 


• m 


15-9 


• • • • 


-. 15-55 


0.059 


10 


15.85 


0.178 


03 
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J.D. 


No. 13. Per. o*'.574970 


No. 14. Per. 0^382000 


No. 15. Per. o''.584343 1 


No. z6. Per. 6^.6046 


4 No. 17. Per. </.666970 


No. 18. Per. 6*^37816 1 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. Phase 


Res. ] 


tfagn. 


Phase Ri 


Es. Magn. 


Phase 


Res. 


Magn. 


Phase Ret. 


d. 




d. 






d. 






d. 






d. 




d 






a. 


3770.633 


16.25 


0.403 


08 


16.10 


0.173 


18 


16.17 


0.433 


01 


■ • • • 




. 15-22 


0.003 


JP 


15-95 


• • • • • • 


3815-548 


16.05 


0.470 


15 


15.50 


0.012 


06 


16.17 


0.361 


03 


■ • • • 




- 15.85 


0.230 


02 


15-88 


• • • • • • 


" -635 


I512 


0.557 


03 


1555 


0.099 


01 


15.65 


0.448 


51 


■ • • • 




- 15.65 


0.317 


22 


15-55 


• • • • ■ • 


3833554 


1555 


0.077 


13 


15.60 


0.064 


12 


16.07 


0.256 


07 


• • • • 




. 15-82 


0.228 


01 


15-82 


• • • • • • 


4086.763 


16.10 


0.299 


00 


15.35 


0.007 


09 


16.07 


0.488 


03 


• • • • 




. 15.68 


0.652 


27 


15-80 


• • • • • • 


4140.634 


15.80 


0.123 


14 


15.60 


0.016 


16 


15.20 


0.024 


03 


■ • • • 




. 15.88 


0.498 


02 


15.90 


• • • • • • 


4200.53 s 


16.10 


0.227 


09 


15.50 


0.325 


^4 


16.30 


0.332 


17 


• • • • 


1 • • • • 


. 15.82 


0.371 


08 


15-92 


• • • • • • 


4210.527 


16.12 


0.445 


08 


15-55 


0.003 


II 


16.20 


0.392 


05 


» » • • 


I • • • • 


. 16.00 


0.358 


10 


15-95 


• • • • 9 • 


4212.581 


15.85 


0.199 


08 


15-80 


0.147 


02 


15.42 


0.109 


02 


• • • * 


> • • • • 


. 15.80 


0.41 1 


10 


15-78 


• • • • • • 


6761.629 


16.05 


0.405 


12 


15.70 


0.109 


II 


15.33 


0.105 


06 


> • • • 


> • • • • 


• 15.92 


0.265 


06 


15-38 


• • • • • « 


6767.536 


15.30 


0.562 


16 


16.00 


0.286 


02 


15.68 


0.169 


OS 


» ■ * * 




. 16.05 


0.169 


27 


15-30 


• • • • • • 


8183.646 


15.78 


0.521 


17 


15.75 


0.322 


07 


15.62 


0.074 


29 


> • • • 




. 15.80 


0.283 


08 


15-45 


• • • • • • 


0724.652 


15.91 


0.160 


10 


15.95 


0.264 


05 


15-97 


0.208 


16 ] 


15-80 c 


).I02 I 


3 15.68 


0.099 


06 


15.90 


0.290 02 


" .669 


15.88 


0.177 


01 


16.10 


0.281 


II 


16.03 


0.225 


14 1 


15-82 c 


).ii9 I 


2 15.45 


O.I16 


22 


15.82 


0.307 10 


" -699 


16.00 


0.207 


04 


15.90 


0.3 1 1 


II 


16.07 


0.255 


07 ] 


15-65 c 


).i49 


9 15.55 


0.146 


18 


15.48 


0.337 08 


" -703 


15.70 


0.2II 


27 


15.90 


0.315 


15 


16.10 


0.259 


09 ] 


[5.80 c 


>.I53 


6 15.55 


0.150 


19 


15-58 


0.341 04 


" -733 


16.00 


0.241 


03 


15-55 


0.345 


03 


16.05 


0.289 


02 ] 


15-78 c 


).i83 


I 15.62 


0.180 


^7 


15-45 


0.371 05 


" -738 


16.10 


0.246 


06 


1550 


0.350 


01 


16.03 


0.294 


05 ] 


t5-75 c 


).i88 


3 15.68 


0.185 


12 


15-45 


0.376 05 


" .764 


16.05 


0.272 


04 


15.55 


0.376 


II 


16.05 


0.320 


06 ] 


15.78 c 


>.2I4 


3 15.72 


0.2II 


II 


15-40 


0.024 13 


" -794 


16.18 


0.302 


07 


15-50 


0.024 


06 


16.07 


0.350 


06 ] 


15-75 c 


>.244 


7 15.72 


0.241 


13 


15.65 


0.054 01 


" .798 


16.18 


0.306 


06 


15.45 


0.028 


00 


16.13 


0.354 


00 ] 


15-65 c 


).248 I 


7 15.85 


0.245 


00 


15-82 


0.058 15 


" .825 


16.25 


0.333 


II 


15-55 


0.05s 


09 


16.13 


0.381 


01 ] 


[5-80 c 


>.275 


3 15.90 


0.272 


04 


15-82 


0.085 02 


" .839 


16.18 


0.347 


03 


15-50 


0.069 


02 


16.05 


0.395 


10 1 


t5-75 « 


>.289 


9 15.92 


0.286 


06 


15-82 


0.099 01 


" .856 


16.18 


0.364 


02 


15.55 


0.086 


03 


16.00 


0.412 


16 1 


15-82 c 


>.3o6 


5 15.80 


0.303 


07 


15.92 


0.II6 02 


« .862 


16.15 


0.370 


01 


15-60 


0.092 


07 


16.02 


0.418 


14 ] 


15-70 <: 


>.3i2 I 


6 15.90 


0.309 


03 


15-82 


0.122 10 


« .894 


16.10 


0.402 


07 


15-55 


0.124 


II 


16.07 


0.450 


08 ] 


[5-90 c 


>.344 


I 15.88 


0.341 


01 


15-92 


0.154 05 


" .911 


16.18 


0.419 


00 


15-75 


O.I41 


01 


16.17 


0.467 


03 3 


[6.05 c 


>.36i I 


5 15.88 


0.358 


02 


16.10 


O.I7I 12 


" .946 


16.18 


0.454 


02 


15-95 


0.176 


02 


15.80 


0.502 


10 ] 


[6.00 c 


>.396 


9 15.82 


0.393 


08 


16.00 


0.206 00 


« .982 


16.22 


0.490 


02 


15.95 


0.212 


05 


15.22 


0.538 


13 ^ 


5-98 c 


).432 


5 15.82 


0.429 


08 


15-90 


0.242 10 


« .987 


16.15 


0.495 


04 


16.10 


0.217 


10 


15.33 


0.543 


03 1 


:6.oo c 


>.437 


7 15.79 


0.434 


II 


16.00 


0.247 00 


0725-653 


15.12 


O.OII 


01 


15.70 


O.II9 


08 


15.43 


0.040 


18 1 


:5-88 c 


>.4o8 


4 16.05 


0.433 


15 


16.05 


0.157 08 


« .677 


15.18 


0.035 


03 


15.65 


0.143 


10 


15.47 


0.064 


17 1 
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0.499 


09 


15.80 


0.286 


10 


15.68 


0.124 


06 


" .772 


16.10 


0.468 


01 


15.90 


0.366 


17 


15.78 


0.217 I 


5 15-87 


0.534 


15 


15.88 


0.321 


05 


16.05 


0.159 


II 


" .917 


14.95 


0.041 


02 


16.30 


O.5II 


13 


16.00 


0.362 I 


9 15-12 


0.679 


II 


15.80 


0.466 


15 


15.50 


0.304 


25 


1113.627 


14.95 


0.016 


08 


15.77 


0.209 


06 


16.05 


0.328 I 


15.11 


0.677 


12 


15.90 


0.257 


07 


15.5s 


0.33s 


08 


" .636 


14.72 


0.025 


16 


15-82 


0.218 


02 


16.12 


0.337 


4 1S-18 


0.686 


01 


15.80 


0.266 


05 


15.60 


0.344 


IS 


" .683 


14.9s 


0.072 


17 


16.10 


0.265 


16 


16.20 


0.384 


15.16 


O.OII 


05 


15.80 


0.313 


12 


15.60 


0.021 


16 


" .721 


15.15 


O.I 10 


27 


16.00 


0.303 


00 


16.15 


0.422 


5 15-30 


0.049 


01 


15.90 


0.351 


05 


15.70 


0.059 


19 


" .763 


15.45 


0.152 


23 


16.00 


0.345 


06 


16.25 


0.464 


5 15-23 


0.091 


17 


15.88 


0.393 


07 


15.78 


O.IOI 


12 


" .775 


15.50 


0.164 


23 


16.02 


0.357 


05 


16.28 


0.476 I 


2 15-35 


0.103 


07 


15.72 


0.405 


23 


16.10 


0.II3 


40 


" .811 


15.70 


0.200 


18 


16.05 


0.393 


06 


16.18 


0.512 I 


4 15-65 


0.139 


14 


15.82 


0.441 


13 


16.25 


0.149 


35 


" .897 


16.20 


0.286 


" 


16.10 


0.479 


04 


15.06 


0.599 2 


15.76 


0.225 


09 


15.88 


0.527 


06 


16.22 


0.23s 


05 


" .921 


16.20 


0.310 


II 


16.05 


0.503 


12 


15.38 


0.622 I 


3 15.85 


0.249 


14 


15.35 


0.551 


10 


15.92 


0.259 


22 


1 1 13.930 


16.10 


0.319 


01 


16.20 


0.512 


03 


15.22 


0.007 ^ 


4 15.98 


0.258 


26 


15.30 


0.560 


05 


15.95 


0.268 


17 


1128.623 


15.70 


0.132 


13 


16.0 


0.493 


• ■ 






■ • • • • 


. 15.6 


0.516 


• ■ 


15.52 


0.068 


22 


16.2 


0.174 


. • 


"32.533 


14.80 


0.036 


10 


15.90 


0.200 


10 






• • • a 




• 15.58 


0.096 


17 


15.78 


0.182 


13 


15.50 


0.017 


06 


" .660 


15.82 


0.163 


10 


16.00 


0.327 


03 






• • • 1 




- 15.90 


0.223 


23 


15.88 


0.309 


05 


• • • « 


• • • • 




"33.533 


16.15 


0.464 


OS 


16.00 


0.499 


17 






• • • « 




. 15.82 


0.374 


05 


15.40 


0.550 


10 


16.I 


0.278 




" .612 


15.78 


0.543 


70 


16.I 


0.578 


m • 






• • • < 




• 15.95 


0.4S3 


01 


15.20 


0.629 


13 


15.6 


0.3S7 




"35582 


15.90 


0.223 


08 


16.20 


0.447 


06 






• • ■ 1 




. 16.0 


0.258 


• • 


15.45 


0.088 


07 


15.5 


0.108 




« .618 


15.95 


0.259 


II 


16.00 


0.483 


16 






• • • 




. 16.0 


0.294 


• • 


15.38 


0.124 


12 


15.9 


0.144 




"37.574 


16.15 


0.499 


II 


16.I 


0.337 








• • • 




• 15-78 


0.085 


40 


15.70 


0.162 


10 


• • • • 


• • • • 




1139.618 


15.95 


0.253 


10 


• • • • 


• • • • 








■ • • 




• 1545 


0.685 


26 


16.0 


0.308 


• • 


15.6 


0.078 




1163.490 


15-20 


0.089 


05 


15.9 


0.332 








• • • 




. 15.6 


0.018 


• • 


15.75 


0.137 


23 


16.0 


0.289 




" .548 


15.42 


0.147 


22 


16.0 


0.390 








• • • 




• 15.5 


0.076 


• • 


15.68 


0.195 


02 


15.45 


0.347 


01 


1 164.471 


16.10 


0.497 


04 


15.8 


0.613 








• • « 




- 15-6 


0.278 


• • 


159 


0.486 


• • 


16.0 


0.161 


. • 



2l6 



ANNALS OF HARVARD COLLEGE OBSERVATORY 



J.D. 


No. as. Per. </.6653ao 


No. a6. Per. 0^.402326 


No. 37. Per. not del 


t*d. No. a8. Per. 6'.67o64o 


No. aQ. Per. 6^.574062 


No. 30. Per. 0^.405976 1 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase I 


les. Magn- 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


d. 




d. 






d. 






d. 




d. 






d. 






d. 




3770.633 


15.22 


0.618 


II 


15.9 


0.193 


■ • 


16.8 




. . 16.05 


0.415 


05 


16.I 


0.233 


• • 


15.95 


0.152 


09 


3815.548 


15.98 


0.291 


00 


15.48 


0.047 


08 


16.62 




. . 16.10 


0.397 


01 


16.I 


0.371 


• • 


15.42 


0.004 


00 


" .635 


15.98 


0.378 


02 


15.9 


0.134 


• • 


• • • • 




■ • • • • • 


• • • • 


• • 


16.2 


0.458 


• ■ 


15.60 


0.091 


02 


3833.554 


16.00 


0.333 


00 


15.70 


0.351 


23 


16.5 




. . 16.15 


0.296 


17 


15.20 


0.007 


06 


15.75 


0.147 


09 


4086.763 


15.22 


0.052 


04 


15.6 


0.095 


• • 


16.8 




. . 15.20 


0.003 


00 


16.0 


0.055 


• • 


15-54 


0.027 


10 


4140.634 


15-25 


0.031 


05 


15.60 


0.054 


17 


16.8 




. . 16.00 


0.223 


12 


15.15 


0.538 


01 


15.35 


0.309 


45 


4200.535 


15-40 


0.052 


14 


15.45 


0.009 


12 


16.65 




. . 16.15 


0.437 


04 


15.55 


0.163 


16 


15.88 


0.125 


13 


4210.527 


15.30 


0.065 


03 


15.18 


0.344 


33 


16.85 




. . 16.02 


0.369 


05 


16.00 


0.396 


06 


15-38 


0.374 


04 


4212.581 


15.75 


0.123 


19 


15.52 


0.386 


19 


17.05 




. . 16.00 


0.41 1 


10 


15.42 


0.153 


24 


15-38 


0.398 


04 


6761.629 


16.05 


0.295 


07 


• • • • 


• • • • 


• ■ 


• • • • 




• • • • • • 


• • • • 


• • 


16.2 


0.366 


• • 


15-35 


0.323 


30 


6767.536 


15.88 


0.214 


02 


15.8 


0.170 


• • 


16.55 




. . 16.05 


0.228 


^S 


16.I 


0.532 


• m 


15-75 


0.140 


06 


8183.646 


15.98 


0.500 


02 


16.0 


0.092 


• • 


16,2 




•• 15.35 


0.617 


20 


16.2 


0.431 


• • 


15-80 


0.206 


17 


0724.652 


15.35 


0.618 


02 


15.50 


0.007 


17 


16.55 




. . 16.13 


0.568 


02 


15.45 


0.065 


17 


16.05 


0.208 


07 


" .669 


15.30 


0.635 


13 


15.45 


0.024 


II 


16.67 




. . 16.32 


0.585 


18 


15.30 


0.082 


04 


16.20 


0.225 


20 


" .699 


15.22 


0.000 


12 


15.50 


0.054 


07 


16.90 




•. 15.52 


0.615 


08 


15.72 


O.II2 


25 


15-88 


0.255 


12 


" .703 


15.28 


0.004 


16 


15.55 


0.058 


12 


16.75 




. . 15.40 


0.619 


10 


15.72 


O.I16 


24 


16.05 


0.259 


05 


" .733 


15.20 


0.034 


02 


15.65 


0.088 


13 


16.75 




.. 15.25 


0.649 


02 


15.75 


0.146 


II 


15.98 


0.289 


01 


" .738 


15.40 


0.039 


18 


15.50 


0.093 


04 


16.75 




•• 15.25 


0.654 


04 


15-80 


O.I51 


13 


16.00 


0.294 


06 


" .764 


15.50 


0.065 


18 


15.80 


O.II9 


16 


16.60 




. . 15.10 


0.009 


II 


15-90 


0.177 


13 


15-70 


0.320 


03 


" .794 


15.58 


0.095 


14 


15.80 


0.149 


06 


17.05 




. . 15-30 


0.039 


03 


15.88 


0.207 


01 


15-58 


0.350 


II 


" .798 


15.32 


0.099 


13 


15.72 


0.153 


02 


16.72 




.. 15.32 


0.043 


03 


16.00 


0.2II 


II 


15-62 


0.354 


16 


" .825 


15.60 


0.126 


03 


15.88 


0.180 


02 


17.22 




. . 15.40 


0.070 


02 


16.12 


0.238 


17 


15-25 


0.381 


17 


" .839 


15.68 


0.140 


04 


15.85 


0.194 


05 


16.75 




.. 15.52 


0.084 


09 


16.08 


0.252 


10 


15.40 


0.395 


02 


" .856 


15-70 


O.IS7 


00 


15.88 


0.2II 


05 


16.95 




. . 15.42 


O.IOI 


08 


16.05 


0.269 


04 


15.22 


0.006 


21 


" .862 


15-75 


0.163 


03 


16.0 


0.217 


m • 


16.90 




. . 15.62 


0.107 


09 


16.15 


0.275 


12 


15-35 


0.012 


08 


" .894 


15.65 


0.195 


15 


15.75 


0.249 


22 


16.72 




.. 15.88 


0.139 


24 


15.95 


0.307 


09 


15.60 


0.044 


12 


" .911 


15.88 


0.212 


02 


15.90 


0.266 


07 


• ■ • • 




. . 15.70 


0.156 


00 


16.22 


0.324 


17 


15.52 


0.061 


01 


" .946 


15-95 


0.247 


02 


15.80 


0.301 


08 


16.92 




. . 15.88 


O.I9I 


06 


15.92 


0.359 


14 


15-60 


0.096 


03 


" .982 


16.12 


0.283 


14 


15.60 


0.337 


00 


16.78 




. . 15.98 


0.227 


09 


16.25 


0.395 


19 


15.68 


0.132 


10 


" .987 


16.00 


0.288 


02 


15.65 


0.342 


12 


16.75 




. . 15.96 


0.232 


07 


16.05 


0.400 


01 


15.88 


0.137 


08 


0725.653 


16.05 


0.289 


07 


15.98 


0.203 


07 


16.55 




. . 15.88 


0.228 


01 


15-80 


0.492 


18 


15.70 


0.397 


28 


" .677 


16.00 


0.313 


01 


16.00 


0.227 


OS 


16.75 




.. 15.86 


0.252 


07 


15.20 


0.516 


25 


15.78 


0.015 


35 


** .711 


15-95 


0.347 


05 


15.98 


0.261 


01 


16.70 




. . 16.05 


0.286 


07 


15.12 


0.550 


01 


15.80 


0.049 


32 


.721 


15.90 


0.357 


10 


15.98 


0.271 


02 


16.60 




. . 16.00 


0.296 


01 


15.20 


0.560 


07 


15-58 


0.059 


08 


« .729 


16.10 


0.365 


10 


15.90 


0.279 


06 


17.00 




• . 15.95 


0.304 


06 


15.20 


0.568 


07 


15-68 


0.067 


15 


" .792 


16.02 


0.428 


02 


15.70 


0.342 


17 


17.00 




.. 16.38 


0.367 


31 


15-25 


0.057 


01 


15-92 


0.130 


14 


« .812 


IS-9S 


0.448 


05 


15.52 


0.362 


13 


16.70 




. . 16.05 


0.387 


03 


15-25 


0.077 


07 


15.88 


0.150 


03 


" .821 


15-95 


0.457 


05 


15.30 


0.371 


05 


16.42 




. . 16.02 


0.396 


07 


15-32 


0.086 


02 


15.80 


0.159 


08 


« .852 


16.03 


0.488 


03 


15.52 


0.402 


19 


16.65 




. . 16.00 


0.427 


II 


15-55 


O.II7 


05 


15.98 


0.190 


03 


" .857 


16.08 


0.493 


08 


15.60 


0.005 


27 


16.85 




. . 16.08 


0.432 


03 


15-50 


0.122 


03 


16.12 


0.195 


16 


" .916 


16.00 


0.552 


00 


^SiS 


0.064 


09 


16.82 




. . 15.98 


0.491 


14 


15.98 


O.181 


18 


16.02 


0.254 


02 


" .926 


15-92 


0.562 


06 


15.38 


0.074 


10 


16.55 




. . 16.02 


0.501 


II 


15-90 


O.I9I 


06 


15.75 


0.264 


25 


" -937 


15.88 


0.573 


04 


15.60 


0.085 


08 


16.80 




. . 16.05 


0.512 


08 


15.75 


0.202 


// 


15.98 


0.275 


01 


" .967 


15-45 


0.603 


08 


15.65 


O.II5 


02 


17.00 




. . 16.25 


0.542 


II 


16.15 


0.232 


21 


15.78 


0.305 


07 


" .972 


15.28 


0.608 


17 


15.58 


0.120 


06 


16.95 




. . 16.16 


0.547 


02 


16.05 


0.237 


10 


15.68 


0.310 


09 


" .981 


15.15 


0.617 


20 


15.58 


0.129 


08 


16.75 




. . 16.15 


0.556 


00 


15-95 


0.246 


03 


15.60 


0.319 


08 


" .994 


15-18 


0.630 


01 


15.8 


0.142 


• • 


16.80 




. . 16.18 


0.569 


03 


15.9 


0.259 


• • 


15-45 


0.332 


09 


1099.717 


16.08 


0.438 


08 


15.SS 


0.104 


06 


16.60 




. . 15.42 


0.075 


02 


15.95 


0.267 


06 


15-80 


O.I51 


06 


" .737 


15.98 


0.458 


02 


15.50 


0.124 


16 


16.SS 




. . 15.60 


0.095 


13 


1580 


0.287 


'3 


15-95 


O.171 


03 


« .772 


15.98 


0.493 


02 


15.70 


O.IS9 


09 


16.65 




.. 15.65 


0.130 


04 


15.90 


0.322 


15 


16.10 


0.206 


12 



VARIABLE STARS IN THE CLUSTER MESSIER 1 5 



217 



J.D. 


No. as. Per. c^.66sS29 


No. 26. Per. o''.4023a6 


No. 27. Per. not det'd. 


No. 28. Per. </'.67o640 1 No. v). Per. tfi.sitfAt 


No. 30. Per. 0^.405976 1 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase Res.i Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


d. 




d. 






d. 






d. 






d. 




d. 






d. 




1099.917 


15-20 


0.638 


05 


15.72 


0.304 


13 


16.62 






16.00 


0.27s ' 


D4 16.02 


0.467 


02 


15.82 


0.351 


35 


III3.627 


16.08 


0.376 


08 


15.52 


0.335 


08 


16.85 






16.15 


0.572 < 


DO 16.20 


0.400 


14 


16.00 


0.258 


00 


« .636 


15-88 


0.385 


12 


15.50 


0.344 


02 


16.78 






16.15 


0.581 < 


DI 15.90 


0.409 


16 


16.10 


0.267 


10 


" .683 


15-92 


0.432 


08 


15.10 


0.391 


23 


16.60 






15-28 


0.628 i 


5^ 15-55 


0.456 


49 


16.05 


0.314 


32 


" .721 


15.98 


0.470 


02 


15.2 


0.027 


• • 


16.80 






15-18 


0.666 < 


01 15.86 


0.494 


10 


15-55 


0.352 


08 


" .763 


16.02 


0.512 


02 


15.22 


0.069 


25 


16.45 






15-25 


0.037 < 


02 15.12 


0.536 


05 


15.32 


0.394 


10 


" .775 


16.25 


0.524 


25 


15.32 


0.081 


19 


16.65 






15-28 


0.049 < 


^i 15.25 


0.548 


12 


15.4s 


0.000 


03 


" .811 


15-95 


0.560 


04 


15.52 


O.II7 


II 


16.70 






IS-38 


0.085 < 


:>5 15.18 


O.OIO 


03 


15.32 


0.036 


13 


" .897 


15-15 


0.646 


02 


15.92 


0.203 


01 


16.90 






15-78 


O.171 < 


:>2 15.40 


0.096 


00 


15.75 


0.122 


01 


" .921 


15.18 


0.005 


06 


15.95 


0.227 


01 


16.80 






15-88 


0.19s os|i5.ss 


0.120 


05 


15.80 


0.146 


03 


" .930 


15-20 


0.014 


06 


15.92 


0.236 


04 


16.80 






15-82 


0.204 ( 


?2 15.82 


0.129 


27 


15.78 


0.155 


09 


1128.623 


15.15 


0.070 


JP 


15.3 


0.043 


■ • 


• • • • 






15-88 


0.143 - 


22 15.9 


0.470 




15.9 


0.233 


• • 


"32-533 


15-10 


0-653 


01 


15.75 


0.332 


II 


16.50 






15-30 


0.029 06 16.0 


0.362 




15.52 


0.083 


08 


" .660 


15-22 


O.II5 


31 


15.38 


0.057 


04 


16.7 






15-72 


o.is6 01 15.8 


0.489 




15-92 


0.210 


06 


"33.533 


15.78 


0.322 


21 


15.6 


0.125 


• m 


• • • • 






1594 


0.359 ^ 


rj 15.8 


0.214 




15.80 


0.271 


19 


« .612 


15.85 


0.401 


15 


15.9 


0.204 


• • 


• • • • 






16.04 


0.438 07 1 15.9 


0.293 




15.6 


0.350 


« • 


"35.582 


16.00 


0.375 


00 


15-8 


0.162 


• • 


16.5 






. • • • 


• • • • 


.15.2 


0.541 




159 


0.290 


• • 


" .618 


16.00 


0.41 1 


00 


15.85 


0.196 


05 


• • • • 






15.9s 


0.432 16 15.15 


0.003 


01 


15.65 


0.326 


OS 


"37.574 


15.88 


0.371 


12 


15-8 


0.187 


• • 


16.9 






16.15 


0.376 08 


• • • • 




15.9 


0.252 


• • 


1 139.618 


16.03 


0.419 


03 


15.9 


0.17s 


• • 


16.5 






16.25 


0.408 ] 


c5 15.2 


0.552 




15.8 


0.267 


« • 


1163.490 


15.82 


0.339 


18 


15.80 


0.309 


02 


• • • • 






15.82 


0.137 ] 


[8 16.1 


0.320 




15.9 


0.186 


• • 


" .548 


16.05 


0.397 


05 


* . • * 


• • • • 


• • 


16.8 






15.82 


0.19s 00 15.8 


0.378 




15.95 


0.244 


05 


1 164.471 


14.98 


0.655 


12 


15.55 


0.084 


03 


• • • • 






16.15 


0.447 03 15.9 


0.152 




15.4 


0.355 


• • 


J.D. 


No. 31. Per. 0^.435693 


No. 3a. Per. 0^.605400 


No. 33- Per. not det'd. 


No. 34. Per. not del 


t'd. No. 35- Pw- 0^.383997 


No. 36. Per. 0^.624x43 1 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase F 


.es. Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


d. 




d. 






d. 






d. 






d. 




d. 






d. 




3770.633 


15-55 


0.133 


09 


15.85 


0.323 


oB 


• • • • 






15.02 




■. 15.50 


0.033 


OS 


15.25 


0.043 


09 


3815548 


15.78 


0.172 


03 


15.80 


0.438 


16 


■ • • • 






15.00 




. 15.45 


0.020 


02 


15.48 


0.020 


22 


" .635 


16.25 


0.259 


20 


15.72 


0.525 


21 


• • • • 






14.85 




.. 15-85 


0.107 


16 


15.3 


0.107 


• • 


3833.554 


15.90 


0.314 


09 


15.75 


0.282 


H 


• • • • 






14.65 




. 15.40 


0.362 


00 


15.2 


0.550 


• • 


4086.763 


15-5 


0.386 


• • 


15.9 


0.434 


• • 


• • • • 






14.80 




. 16.10 


0.133 


28 


16.2 


0.357 


« • 


4140.634 


15-80 


0.231 


i8 


15.78 


0.424 


19 


• • • • 






15.00 




• 15.95 


0.245 


16 


15.50 


0.552 


15 


4200.S3S 


16.05 


0.006 


73 


15.82 


0.391 


13 


15-5 






14.72 




. 16.15 


0.242 


04 


16.45 


O.S3S 


22 


4210.527 


15-21 


0.413 


09 


15-30 


0.091 


16 


15.6 






14.82 




. 16.10 


0.250 


00 


16.20 


0.541 


10 


4212.581 


15.72 


0.288 


35 


15.88 


0.329 


05 


• . • . 






14.65 




• 15.52 


0.000 


12 


15.62 


0.098 


07 


6761.629 


15.25 


0.097 


28 


15.15 


0.038 


09 


. . • . 






14.80 




• 15.52 


0.076 


05 


15.5 


0.151 


• • 


6767.536 


16.02 


0.340 


20 


15.75 


0.496 


23 


• . . • 






14.80 




. 16.12 


0.223 


01 


16.2 


0.440 


• • 


8183.646 


15.65 


0.012 


32 


15.20 


0.575 


01 


.... 






15.00 




. 16.05 


0.152 


IS 


16.I 


0.372 


• • 


0724.652 


15-50 


0.056 


07 


15.72 


O.II2 


18 


16.12 






15.14 




. 16.02 


0.250 


09 


16.30 


0.496 


04 


" .669 


15-72 


0-073 


25 


15.62 


0.129 


02 


15.69 






14.88 




. 15.78 


0.267 


16 


16.10 


0.513 


16 


" .699 


15-55 


0.103 


01 


15.80 


0.159 


12 


15.62 . 






14.80 




. 15.45 


0.297 


09 


15.92 


0.543 


08 


" .703 


15-68 


0.107 


12 


15.72 


0.163 


02 


15.52 






14.82 




. 15-33 


0.301 


20 


15.65 


0.547 


10 


" .733 


15-70 


0-137 


06 


15-80 


0.193 


03 


15.58 . 






14.58 




. 15.42 


0.331 


01 


15.19 


0.577 


15 


" .738 


15-75 


0.142 


08 


15-80 


0.198 


01 


15-60 . 






14.88 




. 15.30 


0.336 


13 


15.30 


0.582 


00 


" .764 


15-82 


0.168 


08 


15.85 


0.224 


02 


15-70 . 






14.65 




• 15.32 


0.362 


08 


15.12 


0.608 


06 


" .794 


15.90 


0.198 


06 


15.88 


0.254 


02 


15.65 






15.08 




• 15.40 


0.008 


01 


15.19 


0.014 


05 


" .798 


15.82 


0.202 


05 


15-88 


0.258 


01 


15.65 ■ 






15.01 




. 15.55 


0.012 


12 


15.3s 


0.018 


10 


« .825 


15-92 


0.229 


04 


16.00 


0.285 


10 


15.8 






15.14 




. 15.48 


0.039 


01 


15-39 


0.045 


03 


" .839 


15-95 


0.243 


07 


15-85 


0.299 


07 


15.90 . 




1 


15.05 




. 15.65 


0.053 


14 


15-41 


0.059 


00 



3l8 
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No. 31. Per. d^-Aii^^i 


No. 3a. Per. a^.605400 1 


No. 33. Per. not det'd. 1 


No. 34. Per. not det' 


d. No. 3S. Per. 0^.383997 


No. 36. Per. 0^.624142 1 


Masn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. Pbue R< 


s. Magn. 


Phase 


Res. 


Magn. 


Phase Res-I 


d. 




d. 






d. 






d. 




< 


I. 




d. 






d. 




0724.856 


15-92 


0.260 


12 


15.78 


0.316 


14 


1573 






14.80 . 




. 15.48 


0.070 


06 


15.45 


0.076 


03 


« .862 


16. I 


0.266 


• • 


15.68 


0.322 


25 


15.6 






14.5 




. 15.60 


0.076 


03 


15.42 


0.082 


09 


" .894 


15.82 


0.298 


22 


15.92 


0.354 


02 


15.36 






15.08 . 




• 15.70 


0.108 


00 


15.72 


O.I 14 


09 


" .911 


15.92 


0.315 


07 


15.95 


0.371 


01 


15.28 






1495 • 




- 15-70 


0.125 


08 


15.75 


O.I3I 


07 


" .946 


15.72 


0.350 


01 


15.95 


0.406 


00 


15.12 






14.65 . 




. 16.00 


0.160 


07 


15.85 


0.166 


02 


« .982 


15.25 


0.386 


17 


16.12 


0.442 


15 


15-20 






15.11 . 




• 15-90 


0.196 


13 


15.85 


0.202 


09 


" .987 


15.21 


0.391 


15 


16.00 


0.447 


03 


15.29 






15.05 • 




. 16.12 


0.201 


07 


15.85 


0.207 


10 


0725.653 


15.78 


0.186 


04 


15.88 


0.508 


10 


15.40 






15.12 . 




• 15-70 


0.099 


05 


16.20 


0.249 


15 


" .677 


15.92 


0.210 


01 


15.72 


0.532 


15 


15.58 






1532 ■ 




. 15.58 


0.123 


19 


16.00 


0.273 


II 


* .711 


16.10 


0.244 


08 


15.25 


0.566 


05 


15.45 






15.25 • 




. 15.78 


0.157 


13 


16.35 


0.307 


18 


" .721 


15.95 


0.254 


09 


15.22 


0.576 


00 


15.62 






15.05 • 




. 15-82 


0.167 


14 


16.40 


0.317 


22 


" .jag 


16.12 


0.262 


07 


15.15 


0.584 


01 


15.65 






15.05 • 




. 16.00 


0.175 


01 


16.20 


0.325 


01 


' .792 


15.80 


0.325 


II 


15.35 


0.041 


09 


15.72 






15-32 • 




• 15.95 


0.238 


16 


16.12 


0.388 


II 


« .812 


15.70 


0.345 


07 


15.42 


0.061 


07 


15-70 






15.25 • 




- 15.75 


0.258 


31 


16.15 


0.408 


08 


« .821 


15.62 


0.354 


10 


15.50 


0.070 


II 


16.10 






15.12 . 




. 15-82 


0.267 


13 


16.3s 


0.417 


II 


" .852 


15.72 


0.385 


30 


15.58 


O.IOI 


07 


15.65 






15.14 • 




- 15.55 


0.298 


00 


16.II 


0.448 


14 


" .857 


15.70 


0.390 


32 


15.58 


0.106 


06 


15.60 






15.30 • 




. 15.50 


0.303 


02 


16.20 


0.453 


05 


« .916 


15.44 


0.013 


II 


15.70 


0.165 


01 


15.74 






15.15 • 




• 15.35 


0.362 


05 


16.20 


0.512 


06 


« .926 


15.42 


0.023 


08 


15.75 


0.175 


02 


16.02 






iS-i • 




• 15.35 


0.372 


05 


16.43 


0.522 


17 


" .937 


15.60 


0.034 


23 


15.78 


0.186 


02 


15.90 






15.16 . 




. 15.40 


0.383 


00 


16.18 


0.533 


06 


" .967 


15.8 


0.064 


• • 


15.72 


0.216 


09 


15.65 






15.0 . 




- 15.3s 


0.029 


09 


15.72 


0.563 


22 


" .972 


15.68 


0.069 


21 


15.70 


0.221 


13 


15.90 






152 . 




- 15.38 


0.034 


08 


15.5s 


0.568 


10 


« .981 


15.78 


0.078 


30 


15.80 


0.230 


03 


15.8 






15.18 . 




• 15.52 


0.043 


04 


15-68 


0.577 


34 


" .994 


15.8 


0.091 


• • 


16.0 


0.243 


• • 


15.8 






15.1 • 




• 15.5 


0.056 


• • 


15.5 


0.590 


• • 


1099.717 


15.30 


0.425 


00 


16.05 


0.435 


08 


16.25 






14.7s . 




- 15.7s 


0.150 


^5 


16.2 


0.452 


• • 


" .737 


15.30 


0.009 


02 


15.90 


0.455 


07 


16.9 






14.6 




. 16.15 


0.170 


18 


16.48 


0.472 


22 


" .772 


15.25 


0.044 


15 


16.22 


0.490 


24 


16.00 






15.15 • 




. 16.10 


0.205 


04 


16.50 


0.507 


24 


" .917 


15.72 


0.189 


10 


15.20 


0.029 


02 


• • • • 






15.2 . 




. 15.45 


0.350 


04 


15.78 


0.027 


48 


1113.627 


15.32 


0.393 


05 


15.78 


0.420 


18 


16.08 






15.08 . 




. 15.90 


0.236 


21 


15.19 


0.006 


03 


" .636 


1535 


0.402 


03 


16.12 


0.429 


IS 


16.02 






15." . 




. 16.12 


0.245 


01 


15.38 


0.015 


14 


" .683 


15.35 


0.013 


02 


16.15 


0.476 


17 


15.85 






15.18 . 




• 15.52 


0.292 


08 


15.44 


0.062 


01 


" .721 


15.45 


0.051 


03 


16.25 


0.514 


28 


15.85 






15.18 . 




• 15.38 


0.330 


06 


15.46 


O.IOO 


10 


" .763 


15.58 


0.093 


05 


15.15 


0.556 


35 


15.65 






15.15 • 




. 15.45 


0.372 


05 


15.75 


0.142 


02 


" -775 


15.70 


0.103 


14 


15.12 


0.568 


13 


15.80 






15.19 . 




. 15.38 


0.000 


02 


15-78 


0.154 


00 


« .811 


15.80 


O.I41 


13 


15.05 


0.604 


09 


15.27 






iS-i . 




- 15.42 


0.036 


05 


16.25 


0.190 


35 


« .897 


16.12 


0.227 


15 


15.28 


0.085 


15 


15.35 






15.04 . 




. 15.80 


0.122 


03 


16.15 


0.276 


04 


* .921 


15.98 


0.251 


06 


15.58 


0.109 


05 


15.38 






15.12 . 




. 15.78 


0.146 


10 


16.28 


0.300 


II 


" .930 


16.05 


0.260 


01 


15.52 


O.I18 


04 


16.00 






15.0 . 




- 15.90 


0.15s 


01 


16.30 


0.309 


12 


1128.623 


16.10 


0.140 


43 


15.9 


0.281 


• • 


• • • • 






15.2 . 




. 16.15 


0.256 


07 


• • • • 


• • • • 




"32.533 


15.70 


0.128 


07 


15.70 


0.559 


30 


• • • • 






151 




• 15.45 


0.327 


01 


■ • • • 


• • • • 




« .660 


15.75 


0.255 


29 


15.62 


0.081 


19 


• • • • 






15.2 




. 15.65 


0.070 


II 


• • • • 


• • ■ • 




"33533 


15.65 


0.257 


39 


15.9 


0.348 


• • 


15.4 






14.6 




• 15.9s 


0.175 


03 


15.6 


0.564 




« .612 


15.7 


0.336 


• • 


15.9 


0.427 


• • 


• • ■ • 






150 




. 16.18 


0.254 


10 


• • • • 


• • • • 




"35.582 


15.48 


0.128 


15 


15.35 


0.581 


17 


• • • • 






I5.I 




. IS.8 


0.304 


• • 


• • • • 


• • • • 




" .618 


15.70 


0.164 


04 


15.28 


0.012 


13 


• • • • 






14.5 




- 15.48 


0.340 


06 


• • • • 


• • • • 




"37574 


15.80 


0.377 


29 


15.4 


O.I5I 


• • 


• • • • 






14.9 . 




. 15.28 


0.376 


12 


• • • • 


• • • • 




1139.618 


16.3 


0.242 


• • 


• • • • 


. . • * 


• • 


• • • • 






14.6 




. 15.65 


O.I16 


09 


• ■ • • 


« ■ • • 




1163.490 


15.48 


O.I51 


22 


15.15 


0.03s 


09 


• • • • 






14.5 • 




. 16.02 


0.180 


01 


• • • • 


• • ■ • 




" .548 


15.70 


0.209 


20 


15.25 


0.093 


22 


• ■ • • 






15.0 . 




. 16.12 


0.238 


01 


• • • • 


• • • • 




1 164.47 1 


16.2 


0.261 


• • 


16.07 


0.41 1 


77 


• • • • 


• • • • 




14.3 ■ 




. 15.38 


0.009 


04 


• • • • 


■ • • • 
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J.D. 


No. 37. Per. not de 


t'd. No. 38. Per. *'.375«74 


No. 39. Per. o''.389984 


No. 40. Per. 0^.377390 


No. 41. Per. not det'd. 1 No. 42. Per. 0^360167 1 


Magn. 
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!les. M«gn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


PhaK 1 


Res. Magn. 


Phase 


Re*. 


d. 




d. 




d. 






d. 






d. 






d. 




d. 




3770.633 


• • • • 




.. 1555 


0.093 


04 


15.55 


0.053 


09 


15.50 


0.360 


10 


• • • • 




• 15.32 


0.023 


03 


3815.548 


• • • • 




. . 15.28 


0.350 


06 


15.65 


0.120 


02 


15.52 


0.366 


16 


15.78 




.. 15.90 


0.278 


04 


" .635 


• • • ■ 




. . 15.48 


0.062 


02 


15.78 


0.207 


25 


15.30 


0.076 


16 


16.I 




-• 15.45 


0.004 


II 


3833.554 


• • • • 




. . 15.20 


0.343 


18 


15.75 


0.187 


JP 


15.90 


0.257 


10 


15.40 




.. 15.85 


0.275 


10 


4086.763 


• • • • 




. . 16.00 


0.242 


15 


16.15 


0.296 


06 


16.20 


0.238 


21 


. . • • 




.. 15.92 


0.287 


08 


4140.634 


• • • • 




.. 15.52 


0.074 


02 


15.60 


0.349 


10 


16.05 


0.142 


31 


15.35 




. . 16.00 


0.132 


09 


4200.535 


.... 




.. 15.45 


0.306 


25 


16.25 


0.193 


29 


15.35 


0.038 


02 


15.90 




. . 16.00 


0.246 


05 


4210.527 


• • • ■ 




. . 16.15 


0.166 


12 


15.38 


0.045 


05 


15.90 


0.218 


07 


• • • • 




. . 16.05 


0.153 


08 


42X2.581 


• • • • 




. . 15.40 


0.343 


02 


15.75 


0.149 


04 


15.30 


0.007 


05 


16.02 




.. 15.65 


0.046 


18 


6761.629 


• • • • 




. . 15.90 


0.155 


07 


15.95 


0.262 


19 


16.10 


0.163 


26 


• • • • 




. . 16.05 


0.192 


01 


6767.536 


• • • • 




. • 15.52 


0.058 


10 


15.40 


0.319 


40 


15.75 


0.032 


39 


15.8 




•• 15.45 


0.336 


00 


8183.646 


• « • • 




.. 15.70 


0.259 


46 


15-45 


0.007 


10 


15.78 


0.175 


09 


• • • • 




. . 15.82 


0.270 


15 


0724.652 


15.82 




. . 16.05 


0.285 


02 


16.25 


0.267 


II 


15.80 


0.214 


16 


15.98 




.. 15.78 


0.298 


04 


" .669 


15.92 




. . 15.80 


0.302 


03 


16.05 


0.284 


08 


16.13 


0.231 


IS 


15.95 




.. 15.50 


0.315 


06 


" .699 


15.70 




. . 15.42 


0.332 


03 


16.05 


0.314 


15 


16.00 


0.261 


00 


15.50 




.. 15.38 


0.345 


01 


" .703 


15.62 




. . 15.40 


0.336 


02 


15.90 


0.318 


05 


15.95 


0.265 


05 


15.55 




.. 15.45 


0.349 


08 


" .733 


15.60 




• • 15.30 


0.366 


01 


15.65 


0.348 


14 


16.20 


0.295 


21 


1530 




•• 15.30 


0.019 


04 


« .738 


15.60 




.. 15.25 


0.371 


05 


15.75 


0.353 


27 


16.00 


0.300 


01 


15.40 




-. 15.50 


0.024 


14 


« .764 


15.3 




. • 15.50 


0.022 


18 


15.70 


0.379 


34 


15.90 


0.326 


02 


15.35 




.. 15.72 


0.050 


21 


" .794 


15.35 




. . 15.40 


0.052 


01 


15.65 


0.019 


28 


15-52 


0.356 


05 


15.58 




. . 15.82 


0.080 


12 


" .798 


15.40 




.. 15.45 


0.056 


03 


15.52 


0.023 


14 


15.42 


0.360 


00 


15.53 




.• 15.65 


0.084 


07 


" .825 


15.45 




.. 15.58 


0.083 


04 


15.50 


0.050 


05 


15.35 


0.009 


01 


15.58 




.. 15.88 


O.III 


06 


" .839 


15.48 




.. 15.70 


0.097 


09 


15.70 


0.064 


19 


15.35 


0.023 


00 


15.60 




.. 15.88 


0.125 


01 


« .856 


15.65 




. • 15.65 


O.II4 


07 


15.55 


0.081 


01 


15.50 


0.040 


13 


15.85 




.. 15.88 


0.142 


07 


" .862 


15.6 




.. 15.58 


0.120 


17 


15.40 


0.087 


15 


15.38 


0.046 


00 


15.80 




.. 15.90 


0.148 


05 


" .894 


15.80 




. . 16.10 


0.152 


14 


15.68 


O.II9 


01 


15.45 


0.078 


02 


1590 




. . 16.10 


0.180 


06 


« .911 


15.75 




. . 16.15 


0.169 


12 


15.85 


0.136 


13 


15.52 


0.095 


00 


15.90 




. . 16.05 


0.197 


01 


" .946 


16.0 




. . 16.10 


0.204 


03 


15.58 


O.171 


29 


15.50 


0.130 


19 


15.90 




.. 15.98 


0.232 


08 


« .982 


16.05 




. . 16.00 


0.240 


15 


15.68 


0.207 


35 


15.72 


0.166 


12 


15.95 




• 15.95 


0.268 


04 


« .987 


15.90 




. . 16.20 


0.245 


04 


15.95 


0.212 


09 


15.90 


O.171 


04 


16.00 




. . 16.05 


0.273 


08 


0725.653 


15.45 




. . 16.20 


0.160 


20 


15.58 


0.098 


02 


15.45 


0.083 


04 


15.85 




.. 15.90 


0.218 


17 


" .677 


15.45 




. . 16.22 


0.184 


13 


15.45 


0.122 


23 


15.52 


0.107 


05 


15.80 




. . 16.10 


Q.242 


04 


" .711 


15.42 




. . 16.15 


0.218 


12 


15.70 


0.156 


12 


15.52 


O.I4I 


21 


15.75 




. . 16.00 


0.276 


05 


« .721 


15.50 




. . 16.25 


0.228 


10 


15.90 


0.166 


05 


15.58 


O.I5I 


19 


16.05 




. . 15.82 


0.286 


04 


" .729 


15.50 




. . 16.00 


0.236 


15 


15.70 


0.174 


Jp 


15.60 


0.159 


21 


15.90 




• 15-72 


0.294 


03 


" .792 


15.68 




.. 15.65 


0.299 


17 


16.20 


0.237 


09 


15.95 


0.222 


02 


16.20 




.. 15.58 


0.357 


23 


« .812 


15.60 




.. 15.48 


0.319 


09 


16.05 


0.257 


09 


15-75 


0.242 


24 


16.00 




• 15.30 


0.017 


04 


« .821 


15.60 




. . 15.60 


0.328 


12 


16.25 


0.266 


II 


15.92 


0.251 


08 


16.15 




. 15.50 


0.026 


13 


« .852 


15.80 




■• 15.38 


0.359 


05 


15.95 


0.297 


14 


16.00 


0.282 


00 


16.02 




- 15.58 


0.057 


04 


« .857 


15-60 




• 15.35 


0.364 


04 


16.15 


0.302 


09 


16.05 


0.287 


06 


15.90 




. 15.45 


0.062 


13 


** .916 


15.35 




.. 15.48 


0.048 


10 


15.45 


0.361 


04 


15.42 


0.346 


20 


15.82 




.. 15.82 


O.I2I 


05 


** .926 


15.65 




.. 15.58 


0.058 


16 


15.50 


0.371 


14 


15.32 


0.356 


13 


15.92 




.. 15.82 


O.I3I 


09 


" .937 


15.35 




. 15.45 


0.069 


03 


15.28 


0.382 


07 


15.35 


0.367 


03 


15.82 




. . 15.88 


0.142 


06 


" .967 


15.30 




.. 15.65 


0.099 


03 


15.32 


0.022 


06 


15.35 


0.019 


00 


1540 




.. 15.98 


0.172 


05 


" .972 


15.3 




.. 15.65 


0.104 


00 


15.32 


0.027 


07 


15.40 


0.024 


05 


15.75 




. . 16.12 


0.177 


08 


« .981 


15.50 




. 15.75 


O.II3 


05 


15.35 


0.036 


07 


15.45 


0.033 


09 


15.87 




. 15.98 


0.186 


08 


" -994 


16.0 




• 15.65 


0.126 


13 


15.4 


0.049 


• • 


15.25 


0.046 


13 


15.75 




. . 16.10 


0.199 


03 


1099.717 


15.45 




. 15.55 


0.076 


05 


15.95 


0.168 


08 


15.95 


0.153 


15 


15.83 




.. 15.68 


0.069 


06 


" .737 


15.3 




.. 15.88 


0.096 


36 


15.95 


0.188 


03 


15.90 


0.173 


03 


15.93 




.. 15.78 


0.089 


04 


" .772 


15.70 




. 15.75 


O.I3I 


08 


16.10 


0.223 


02 


16.20 


0.208 


25 


15.90 




. . 15.88 


0.124 


01 
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J.D. 


No. 37. Per. not det'd. 1 No. 38. Per. 0^375274 


No. 39. Per. 0^.389984 


No. 40. Per. 0^.377390 


No. 41. Per. not det 


•d, No. 42- Per. 0^.360167 1 




Magn. 


Phaae K 


es. Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. Phase R( 


». Magn. 


Phase 


Res. 


i. 
1099.917 

III3.627 
" .636 
" .683 
" .721 

" .763 

" .775 
" .811 

« .897 
" .921 

" .930 
1128.623 

"32-533 
« .660 

"33-533 
" .612 

"35-582 
« .618 

"37-574 
1139.618 

1163.490 

" -548 
1 1 64.471 


15-3 
16.05 

16.00 

16.20 

15.65 
15-50 
15.40 

15-45 
15-80 

15-62 

15-68 

• • • • 

15-3 

• • • • 

• • • • 

• • • • 

• • • • 
« • • • 

• • • • 

• • • • 

• • • • 
■ • • • 

• • • ■ 


d. 


. 16.15 
. 15.60 

. 15.85 
. 16.10 

• 16.35 
. . 16.15 
. . 16.27 
. . 16.22 
.. 15.28 
.. 15-38 

. 15.45 
.. 15.78 
. . 16.10 

. 15-35 
.. 15.65 
.. 15.92 

• 15-75 
- 15-40 

. 15.50 
. 16.20 

. 15.35 
. 15.90 

• 15.90 


d. 
0.276 

O.IOI 

O.IIO 

0.157 

0.195 

0.237 

0.249 
0.285 

0.371 
0.019 

0.028 

0.086 

0.243 

0.370 
O.II7 

0.196 

0.289 

0.325 
0.030 

0.198 

0.052 

O.IIO 

0.282 


03 

03 

15 
12 

23 
00 

II 

20 

02 

07 
12 

20 

05 

05 

07 

19 

23 
II 

17 

09 
04 

20 
15 


15.40 

15.38 
15.60 

15.85 
15.82 

16.15 

16.20 

16.25 

15.90 
15.75 

15.75 
16.25 

16.20 

15.70 

15.65 
15.82 

15.95 
16.10 

15.80 

15.75 
15.52 
15.90 
16.10 


d. 
0.368 

0.038 

0.047 

0.094 

0.132 

0.174 

0.186 

0.222 

0.308 

0.332 

0.341 
0.215 

0.225 
0.352 
0.055 
0.134 

0.154 
0.190 

0.196 

0.290 

0.373 
0.041 

0.184 


02 
04 
16 

27 
09 

26 

27 

17 

05 
09 

18 

20 

12 

22 

19 
10 

13 
15 

iS 

37 
15 
47 
17 


15-45 
15-65 
15-70 
15-70 

15-90 
16.10 

15-90 

15-55 
15.22 

15.40 

15-55 

15-45 
16.15 

15-80 

15-25 

15-95 
16.0 

15-75 
15-55 
iS-70 

15-85 
16.05 

15-18 


d. 

0.353 
O.IOO 

0.109 

0.156 
0.194 

0.236 
0.248 
0.284 

0.370 

0.016 

0.025 

0.000 

0.136 
0.263 

0.004 
0.083 
0.166 
0.202 
0.271 

0.051 

0.147 
0.205 

0.373 


02 
12 

13 
10 

03 
II 

09 

44 

14 

05 
20 

II 

43 
20 

09 

46 

• • 

19 
45 
30 
10 

10 
18 


16.3 . 
16.20 . 
16.17 . 
16.10 . 
15.90 . 
15.80 . 
15.80 . 
15.68 . 
16.02 
15.90 . 
16.05 . 
16.I 

15.9 . 

15.8 . 

15.9 . 

15.9 
16.0 

16.3 . 

15.9 . 
15.8 . 
15.8 . 

15-9 . 
15.9 • 


i. 

• • • • 


. 1582 
. 15-80 
. 15-62 
. is-28 

• 15-40 

• 15-65 

• 15-72 
. 15.80 

. 16.12 

. 16.10 

. 15-98 
. 16.00 

. 15-80 

. 16.05 

• 15.35 

• 15.70 

. 15-85 

• 15-55 

• 15-90 

• 15-25 

- 15-75 

- 15-90 

- 15-15 


d. 
0.269 

0.292 

0.301 

0.348 
0.026 
0.068 
0.080 
O.I16 
0.202 
0.226 

0.235 
O.161 

O.IIO 

0.237 

0.029 

0.108 

0.277 

0.313 
0.108 

0.351 
0.092 

0.150 
0.353 


16 
02 
08 
II 

04 

04 
02 

05 

OS 

03 

09 
00 

02 

01 

01 

12 

09 

05 

09 
II 

01 

06 

21 


J.D. 


No. 43. Per. 6^.4065 


r44 No. 44. Per. 0^-595568 


No. 45- Per. 0^66210 


No. 46. Per. 0^.692730 


No. 47. Per. (/'.6629< 


00 No. 48. Per. o''.37888i 1 


Magn. 


Phaie B 




Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. I 


>haae R< 


es. Magn. 


Phase 


Res. 


d. 

3770-633 
3815-548 

" -635 
3833-554 
4086.763 

4140.634 
4200.535 
4210.527 
4212.581 
6761.629 
6767.536 
8183.646 
0724.652 
« .669 

" .699 
" .703 
" .733 
« .738 
" .764 

" -794 
« .798 
" .825 

" .839 


15-8 

15-38 

15-95 

15-85 
15-22 

15-5 

15-75 
15-88 

15-65 

15-9 

15-75 
15.88 

15-88 

15-85 
16.02 

15.78 

15-85 

15-57 

15-45 
15-28 
15-22 

15-35 
15.40 


d. 
0.330 . 

0.096 i 

0.183 3 

0.205 C 

0.013 <■ 
0.194 
0.304 J 
0.127 J 
0.147 <■ 
0.130 . 

0.343 <- 

0.170 c 

0.247 ^ 

0.264 ^ 

0.294 ] 

0.298 J 
0.328 c 

0.333 - 
0.359 ^ 

0.389 c 

0.393 ^ 

0.013 I 

0.027 I 


. 15.70 

w 16.05 

C2 15.85 

>I 15-72 

>J 15-90 

. 15.65 

rj 16.05 
25 16.08 

>P 15.45 
. 15-35 
>5 15-35 
>7 15-8 
>o 15.72 

>i 15-70 
[4 15.62 

ro 15-75 
>7 15-78 
?o 15.82 

H 15.78 
>3 16.08 

>J 16.15 
16.08 
3 16.00 


d. 

0.549 
0.200 

0.287 

0.339 
0.432 
0.106 

0.450 
0.318 
0.586 
0.007 

0.554 
0.403 

0.120 

0.137 

0.167 

O.171 

0.201 

0.206 

0.232 

0.262 

0.266 

0.293 

0.307 


05 
13 
19 
35 

21 

03 
06 

02 

24 

13 

• • 

05 
02 

20 

08 

14 
10 

20 

06 

13 

03 
06 


15.60 
15.70 

15.5 

15.72 

16.I 

15.3 
16.05 

16.05 

16.05 

15.8 
15.20 

16.20 
16.25 
16.08 
16.00 
16.02 
16.15 
16.15 
16.10 

15.85 
15.88 
15.18 
15.18 


d. 

0.464 
0.481 
0.51 1 

0.515 
0.545 
0.550 

0.576 
0.606 
0.610 

0.637 
0.651 


II 
06 

14 
12 

01 

01 

02 

10 

03 

15 
02 


• • • • 

• • • • 

• • • • 

• • • • 

• • • • 

• • • • 

15-7 

• • • • 

• • • ■ 
■ • • • 

• • • • 

• • • • 

15.80 
15.88 
15.98 
16.08 
15.98 
16.20 
16.25 
16.12 
16.25 
16.28 
16.20 


d. 

• • • ■ 

• • • • 

• • • • 

• • • • 

• • • • 

■ • • • 

0.2II 

• • • • 

• • • • 

■ • ■ • 

• • • • 

• • ■ • 

0.196 
0.213 
0.243 

0.247 
0.277 

0.282 

0.308 

0.338 
0.342 
0.369 

0.383 


12 

07 
04 

05 
II 

09 
II 

08 

03 
01 

10 


• • • • • 

■ • • • • 

• • • • • 

• ■ • • • 

• • • • • 

15.2 

15.9 
16.4 

16.2 

• ■ • • • 

• • • • • 

• • • • • 

15.72 
15.75 
15.52 
15.62 
15.68 
15.82 

15.75 
15.82 
15.88 
15.98 
15.98 


d. 

.024 . 
.264 . 

'Z^Z ' 
.378 . 

• • • • 

• • • • 

• • • • 

.119 I 
.136 I 
.166 I 
.170 I 
.200 I 

.205 
.231 
.261 
.265 
.292 
.306 


• • • • • 

• • • • • 

• ■ • • ■ 

• • • • • 

• • • • • 

• • • • • 

• 15-78 

• 15-40 

. 16.00 

• • • • • 

• • • ■ • 

• • • • • 

I 15.78 
I 15.75 

9 15.72 
15.90 

16.00 

3 15.92 
p 16.00 

8 16.30 

3 16.25 

3 16.25 

1 16.20 


d. 

• • • • 

• • • • 

• • • • 

• • • • 

• • • • 

• ■ • • 

0.304 
0.066 

0.226 

• • • • 

• ■ • • 

• • • • 

0.090 
0.107 

0.137 
O.141 

O.171 

0.176 

0.202 

0.232 

0.236 

0.263 

0.277 


07 
18 

14 

• • 
m • 

• • 

08 
02 
16 
01 
01 

09 

09 

15 
08 

08 
13 
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J.D. 


No. 43- Pm- o*-40*744 


No. 44. Per. o''.S9S568 


No. 45- Per. 0^66210 


No. 46. Per. 0^.692730 


No. 47. Per. 0^.662900 


No. 48. Per. ©"".jtSSSi 1 


Hagn. 


Phase 


Res. 


M««n. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


d. 
0724.856 


15.48 


d. 
0.044 


17 


15.95 


d. 
0.324 


12 


15.22 


d. 
0.006 


02 


16.30 


d. 
0.400 


01 


15.92 


d. 
0.323 


08 


15.95 


d. 
0.294 


02 


" .862 


15.45 


0.050 


13 


15.85 


0.330 


^ 


15.10 


0.012 


12 


16.4 


0.406 


• • 


15.9 


0.329 


m m 


15.80 


0.300 


oS 


" .894 


15.65 0.082 


23 


16.08 


0.362 


00 


15.35 


0.044 


03 


16.32 


0.438 


00 


15.92 


0.361 


09 


15.75 


0.332 


10 


" .911 


15.48 


0.099 


02 


16.15 


0.379 


06 


15.55 


0.061 


13 


16.35 


0.455 


03 


16.12 


0.378 


10 


15.65 


0.349 


12 


" .946 


15.58 


0.134 


09 


15.95 


0.414 


15 


15.40 


0.096 


21 


16.20 


0.490 


12 


• • • • 


.... 


■ • 


15.38 


0.005 


03 


" .982 


15.88 


0.170 


07 


16.02 


0.450 


09 


15.75 


0.132 


01 


16.25 


0.526 


07 


16.00 


0.449 


03 


15-60 


0.041 


15 


" .987 


15.88 


0.175 


06 


15.92 


0.455 


19 


15.80 


0.137 


02 


16.19 


0.531 


13 


16.10 


0.454 


07 


15.45 


0.046 


02 


0725.653 


15.28 


0.027 


01 


16.05 


0.526 


02 


15.75 


O.141 


04 


16.35 


0.505 


03 


15.98 


0.457 


05 


15.68 


0.333 


02 


" .677 


15.48 


0.051 


15 


15.68 


0.550 


07 


15.65 


0.165 


22 


16.30 


0.529 


02 


15.80 


0.481 


24 


15.58 


0.357 


12 


" .711 


15.40 


0.085 


02 


15.15 


0.584 


06 


15.75 


0.199 


^9 


16.25 


0.563 


07 


16.05 


0.515 


01 


15.58 


0.012 


21 


" .721 


15.45 


0.095 


02 


15.42 


0.594 


22 


16.00 


0.209 


04 


16.35 


0.573 


06 


16.22 


0.525 


18 


15.63 


0.022 


23 


" .729 


15.58 


0.103 


07 


15.18 


0.006 


04 


15.88 


0.217 


10 


16.12 


0.581 


13 


15.92 


0.533 


II 


15.60 


0.030 


18 


« .792 


15.78 


0.166 


OI 


15.32 


0.069 


15 


16.02 


0.280 


05 


15.38 


0.644 


12 


15.32 


0.596 


10 


15-70 


0.093 


00 


« .812 


15.90 


0.186 


06 


15.65 


0.089 


II 


16.22 


0.300 


12 


15.35 


0.664 


06 


15.15 


0.616 


18 


15-75 


O.II3 


04 


" .821 


15.78 


0.195 


08 


15.82 


0.098 


24 


16.40 


0.309 


30 


15.68 


0.673 


28 


15.52 


0.625 


20 


15.92 


0.122 


09 


« .852 


16.00 


0.226 


13 


15.68 


0.129 


01 


16.15 


0.340 


03 


15.45 


O.OII 


01 


15.45 


0.656 


13 


16.05 


O.I S3 


II 


« .857 


15.95 


0.231 


07 


15.62 


0.134 


09 


16.20 


0.345 


07 


15-37 


0.016 


08 


15.48 


0.661 


16 


16.13 


0.158 


18 


« .916 


15.85 


0.290 


03 


15.88 


0.193 


01 


16.15 


0.404 


01 


15.62 


0.075 


00 


15.45 


0.057 


02 


16.02 


0.217 


II 


" .926 


15.48 


0.300 


39 


16.05 


0.203 


13 


16.20 


0.414 


06 


15.98 


0.085 


33 


16.0 


0.067 


• • 


16.15 


0.227 


00 


" .937 


15.55 


0.31 1 


31 


15.98 


0.214 


04 


16.15 


0.425 


01 


15.79 


0.096 


12 


15.48 


0.078 


02 


16.12 


0.238 


04 


" .967 


15.60 


0.341 


10 


15.88 


0.244 


II 


16.12 


0.455 


02 


15.75 


0.126 


00 


15.5 


0.108 


• • 


15.92 


0.268 


22 


« .972 


15.37 


0.346 


29 


16.05 


0.249 


05 


16.25 


0.460 


II 


15.9 


O.I3I 


• • 


15.65 


O.II3 


06 


16.0 


0.273 


• • 


« .981 


15.40 


0.355 


15 


16.02 


0.258 


01 


16.20 


0.469 


06 


16.0 


0.140 


• • 


15.75 


0.122 


13 


15.9 


0.282 


• • 


" -994 


15.25 


0.368 


II 


16.00 


0.271 


03 


16.I 


0.482 


• • 


15.9 


0.153 


• • 


15.6 


0.135 


• • 


15.7 


0.295 


• • 


1099.717 


15.88 


0.294 


00 


15.12 


0.573 


15 


16.10 


O.I18 


39 


16.38 


0.494 


05 


• • • • 


• • • • 


• • 


15.80 


0.063 


23 


" .737 


15.80 


0.314 


06 


15.40 


0.593 


20 


16.00 


0.138 


22 


16.1 


0.514 


• • 


• « • • 


• • • • 


• • 


15.7 


0.083 


• • 


" .772 


15.80 


0.349 


17 


15.20 


0.032 


12 


16.05 


0.173 


16 


16.30 


0.549 


02 


15-68 


0.038 


28 


15.72 


0.118 


09 


" .917 


15.30 


0.087 


13 


15.90 


0.177 


06 


16.25 


0.318 


15 


15.5 


0.002 


■ • 


• ■ • • 


• • • • 


• • 


15.8 


0.263 


• • 


1113.627 


15.88 


0.375 


58 


15.98 


0.189 


10 


15.95 


0.124 


22 


16.26 


0.550 


06 


15.25 


0.635 


07 


15.65 


0.333 


00 


" .636 


15.52 


0.384 


27 


15.88 


0.198 


02 


15.80 


0.133 


03 


16.60 


0.559 


28 


15.40 


0.644 


08 


15-65 


0.342 


07 


" .683 


15.00 


0.024 


26 


16.08 


0.24s 


09 


15.82 


0.180 


08 


15-90 


0.606 


05 


15.45 


0.028 


07 


15.68 


O.OIO 


32 


« .721 


15.22 


0.062 


13 


16.15 


0.283 


II 


15.68 


0.218 


30 


15.75 


0.644 


26 


15.50 


0.066 


04 


15.85 


0.048 


36 


" .763 


15.18 


0.104 


34 


16.25 


0.325 


18 


15.82 


0.260 


22 


15.42 


0.686 


02 


15.80 


0.108 


22 


15-88 


0.090 


18 


" .775 


15.22 


O.I16 


35 


16.30 


0.337 


22 


15.90 


0.272 


16 


15.55 


0.005 


13 


15-62 


0.120 


01 


15.90 


0.102 


14 


« .811 


15.35 


0.152 


41 


16.30 


0.373 


21 


15.98 


0.308 


12 


15.70 


0.041 


17 


15.92 


0.156 


23 


15.90 


0.138 


00 


" .897 


15.90 


0.238 


02 


16.08 


0.459 


03 


15.90 


0.394 


23 


15.82 


0.127 


07 


iS-90 


0.242 


03 


16.22 


0.224 


08 


« .921 


15.95 


0.262 


07 


15.98 


0.483 


13 


16.00 


0.418 


14 


15.70 


O.I5I 


II 


15-72 


0.266 


19 


16.18 


0.248 


01 


" .930 


15.88 


0.271 


00 


16.08 


0.492 


03 


16.20 


0.427 


06 


15.92 


0.160 


09 


16.00 


0.275 


07 


16.18 


0.257 


01 


1128.623 


15.65 


0.321 


17 


I6.I 


0.296 


• • 


15.9 


0.554 


• • 


• • • • 


• • ■ • 




• • • • 


.... 




• • • • 


• • • « 




"32.533 


15.80 


0.163 


01 


15.6 


0.037 


■ • 


16.2 


0.491 


• • 


• • • • 


• • • • 




• • • • 


.... 




• « • • 


• • • • 




« .660 


15.32 


0.290 


5<5 


15.9 


0.164 


• • 


15.85 


0.618 


05 


• • ■ • 


■ • • • 




• • • • 


.... 




15.2 


0.043 




"33-533 


15.20 


0.350 


42 


16.15 


0.441 


04 


16.10 


0.167 


23 


• • • • 


• • • • 




15.4 


0.654 




• • • ■ 


• • • • 




" .612 


15.40 


0.022 


15 


16.15 


0.520 


07 


16.0 


0.246 


• • 


• • • • 


• • • ■ 




• • • • 


• • • ■ 




• • • • 


• • • • 




"35582 


15.27 


0.365 


15 


15.75 


0.108 


13 


15-9 


0.230 


• • 


• • • • 


• • • • 




• • • • 


• • • • 




• • • • 


■ • • • 




" .618 


15.80 


0.401 


55 


15.65 


0.144 


10 


16.0 


0.266 


• • 


• • • • 


• • • • 




• • • • 


• • • • 




• • ■ • 


■ • • • 




"37-574 


15.50 


0.324 


29 


I6.I 


0.313 


■ • 


16.1 


0.236 


• • 


• • « ■ 


• • • • 




• • • • 


• • • ■ 




• • • • 


• • • • 




1139.618 


15.48 


0.334 


28 


15.05 


0.571 


23 


• • • • 


• • • • 


• ■ 


■ • • • 


• • • • 




• « ■ • 


• • ■ • 




• • • • 


• • • • 




1163.490 


15.85 


0.208 


02 


15.45 


0.024 


16 


16.10 


0.330 


01 


• • • ■ 


• • • • 




• • • • 


• « • • 




• • • ■ 


• • • • 




« .548 


15.35 


0.266 


53 


15.7 


0.082 


• • 


16.2 


0.388 


• • 


• • • ■ 


• • • • 




• • • • 


• • • • 




• • • • 


• • • • 




1164.471 


15.20 


0.376 


08 


15.9 


0.410 


• • 


15.2 


0.649 


• • 


• • • ■ 


• • • • 




• • • • 


• • ■ • 




15.3 


0.028 
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ANNALS OF HARVASD COLLEGE OBSERVATORY 



J. D. 


No. 49. Per. 0^.417972 


No. so. Per. 0^.2985 


No. SI- Per. 0^.397757 


No. sa. Pw. 0^.575608 


No. S3- Pw* 0.^414135 


No. 54. Per. c^.3tS3*$ 1 


J • •i'* 


Magn. 


Phase 


Res. 


Magn. 


Phase R( 


s. Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 




Phase 


Res. 


d. 
3770.633 


15.27 


d. 
0.168 


01 


• • • • 


d. 

• • • 




. 15.48 


d. 
0.023 


08 


16.05 


d. 
0.323 


13 


15.3 


d. 
0.020 


• • 


15-65 


d. 
0.133 


17 


3815.548 


15.32 


0.360 


01 


159 


• • ■ 




. 15.50 


0.389 


01 


16.20 


0.341 


01 


15.95 


0.208 


07 


15-35 


0-037 


25 


" .63s 


15.26 


0.029 


45 


16.2 


• • • 




• 15.55 


0.078 


17 


16.15 


0.428 


08 


15.95 


0.295 


06 


15-58 


0.124 


21 


3833.554 


15.02 


0.393 


18 


iS-5 


• • • 




• 15.55 


0.098 


22 


16.25 


0.503 


01 


15.22 


0.406 


06 


15.48 


O.II9 


30 


4086.763 


15.32 


0.3 1 1 


03 


I5-S 


• • • 




• 15.9 


0.334 


• • 


16.10 


0.444 


14 


15.5 


0.165 


m m 


15-4 


0.391 


. • 


4140.634 


15.32 


0.264 


03 


15-3 


■ • • 




. 15.48 


O.IIO 


34 


16.00 


0.208 


03 


15.70 


0.198 


16 


15-72 


0.090 


03 


4200.535 


• • • • 


• ■ • • 


• • 


15-45 


• ■ • 




. 15.42 


0.348 


H 


16.02 


0.246 


06 


15.35 


0.049 


01 


16.05 


0.242 


07 


4210.527 


15.16 


0.355 


18 


16.05 


■ • • 




• 15.52 


0.396 


01 


16.22 


0.453 


02 


15.42 


p.I02 


14 


16.00 


0.276 


13 


4212.581 


15.27 


0.320 


08 


1 6.08 


• • • 




. 15.68 


0.063 


02 


15.98 


0.204 


04 


15.52 


0.086 


04 


15-52 


0.339 


21 


6761.629 


15.36 


0.156 


09 


16.2 


• • • 




. 15.6 


0.284 


• • 


16.10 


0.460 


14 


15.5 


0.133 


• • 


15-65 


0.107 


09 


6767.536 


15.37 


0.212 


07 


■ • • • 


■ • • 




. 16.05 


0.225 


02 


15.18 


0.035 


08 


15.75 


0.242 


15 


15-42 


0.039 


18 


8183.646 


15.12 


0.217 


20 


• • • • 


• • • 




• 15.52 


0.320 


16 


15.80 


0.149 


07 


15.5 


O.OIO 


• « 


15-35 


0.103 


3S 


0724.652 


14.64 


0.387 


26 


15-78 


0.249 


I 15.92 


0.056 


28 


16.10 


0.422 


13 


15.95 


0.298 


07 


16.02 


0.194 


03 


« .669 


14.79 


0.404 


02 


15-45 


0.258 I 


s 15.57 


0.073 


12 


16.18 


0.439 


06 


16.05 


0.315 


23 


16.15 


0.2 I I 


06 


" .699 


14.74 


0.016 


03 


15-35 


0.296 


I 15.68 


0.103 


II 


16.30 


0.469 


06 


15.58 


0.345 


05 


16.10 


0.241 


02 


" -703 


14.79 


0.020 


01 


15.60 


O.OOI 2 


5 15.72 


0.107 


08 


16.25 


0.473 


01 


15.45 


0.349 


15 


16.08 


0.24S 


04 


" -733 


14.84 


0.050 


04 


15-58 


0.031 I 


2 15.80 


0.137 


08 


16.25 


0.503 


01 


15.35 


0.379 


01 


15.80 


0.27s 


33 


" .738 


14.89 


0.055 


02 


15-50 


0.036 


I 15-85 


0.142 


04 


16.22 


0.508 


02 


15.30 


0.384 


03 


16.05 


0.280 


07 


" .764 


14.89 


0.081 


12 


15-82 


0.062 I 


5 15.80 


0.168 


14 


15.40 


0.534 


00 


15.25 


0.410 


03 


15.62 


0.306 


42 


" .794 


1519 


O.III 


05 


15-88 


0.092 


5 16.15 


0.198 


15 


15.12 


0.564 


00 


15.22 


0.026 


08 


15-78 


0.336 


01 


" .798 


15.21 


O.II5 


04 


iS-82 


0.096 


2 16.08 


0.202 


07 


15.12 


0.568 


00 


15.22 


0.030 


10 


15-70 


0.340 


03 


" .825 


14.98 


0.142 


26 


15-95 


0.123 


2 16.20 


0.229 


17 


15.15 


0.019 


03 


15.30 


0.057 


06 


15-68 


0.367 


OS 


" .839 


15.26 


0.156 


00 


15-95 


0.137 


I 16.18 


0.243 


15 


15.15 


0.033 


08 


15.38 


0.071 


04 


15.68 


0.381 


07 


" .856 


15.29 


0.173 


00 


16.00 


0.154 


3 15.98 


0.260 


05 


15.60 


0.050 


26 


15.28 


0.088 


21 


15-72 


0.398 


12 


« .862 


15." 


0.179 


19 


16.18 


0.160 2 


15.78 


0.266 


25 


15.35 


0.056 


03 


15.30 


0.094 


2J 


15-57 


0.006 


02 


" .894 


15.29 


0.2II 


02 


15.98 


0.192 


I 1582 


0.298 


08 


15.75 


0.088 


14 


15.65 


0.126 


01 


15-68 


0.038 


07 


« .911 


15.42 


0.228 


10 


16.05 


0.209 C 


5 15.63 


0.315 


10 


15.75 


0.105 


06 


15.78 


0.143 


06 


15-85 


0.055 


22 


" .946 


15.34 


0.263 


00 


15-85 


0.244 


3 15.52 


0.350 


03 


15.90 


0.140 


07 


15.82 


0.178 


01 


15-75 


0.090 


06 


" .982 


15.24 


0.299 


11 


iS-32 


0.280 I 


15.50 


0.386 


01 


15.98 


0.176 


04 


15.90 


0.214 


02 


15-72 


0.126 


07 


" .987 


15.30 


0.304 


05 


15-55 


0.285 I 


7 15.42 


0.391 


09 


15.88 


O.181 


07 


15.75 


0.219 


14 


15.88 


0.131 


07 


0725-653 


15.29 


0.134 


06 


15-82 


0.056 I 


9 16.15 


0.262 


12 


16.20 


0.272 


07 


15.58 


0.056 


22 


15-52 


0.000 


06 


" .677 


15.29 


0.158 


02 


15-82 


0.080 C 


5 15.98 


0.286 


00 


16.22 


0.296 


06 


15.55 


0.080 


10 


15-65 


0.024 


06 


« .711 


15.24 


0.192 


06 


15.98 


0.114 


8 15.85 


0.320 


15 


16.35 


0.330 


17 


15.75 


0.II4 


13 


15-75 


0.058 


13 


« .721 


15.29 


0.202 


02 


15-95 


0.124 


3 15.88 


0.330 


25 


16.30 


0.340 


II 


15.70 


0.124 


05 


15.98 


0.068 


34 


« .729 


15.26 


0.210 


05 


15-92 


0.132 


2 15.58 


0.338 


01 


16.40 


0.348 


20 


15.70 


0.132 


02 


15-50 


0.076 


14 


« .792 


15.30 


0.273 


04 


15-92 


0.195 


8 15.58 


0.003 


06 


16.22 


0.41 1 


00 


15.70 


0.195 


15 


15-82 


0.139 


01 


" .812 


15.29 


0.293 


06 


15-95 


0.215 


4 15.50 


0.023 


06 


16.22 


0.431 


01 


15.82 


0.215 


06 


15-95 


0.159 


03 


" .821 


15.46 


0.302 


II 


15-90 


0.224 


5 15.75 


0.032 


17 


16.25 


0.440 


01 


15.85 


0.224 


05 


16.25 


0.168 


28 


" .852 


15.30 


0.333 


05 


15.68 


0.255 


2 15.65 


0.063 


02 


16.22 


0.471 


02 


15.82 


0.255 


09 


16.05 


0.199 


01 


" .857 


15.34 


0.338 


01 


15-55 


0.260 


7 15.70 


0.068 


02 


16.22 


0.476 


02 


15.55 


0.260 


36 


16.10 


0.204 


02 


« .916 


14.79 


0.397 


04 


15-45 


0.020 c 


8 15.72 


0.127 


12 


15.25 


0.535 


15 


15.52 


0.319 


29 


16.05 


0.263 


08 


" .926 


14.84 


0.407 


08 


15-82 


0.030 3 


6 15.88 


0.137 


00 


15.15 


0.545 


05 


15.55 


0.329 


20 


16.35 


0.273 


22 


" -937 


14.74 


0.418 


01 


15-70 


0.041 I 


6 15.78 


0.148 


'J 


15.10 


0.556 


03 


15.38 


0.340 


28 


16.05 


0.284 


07 


" .967 


14.84 


0.030 


03 


15-85 


0.071 1 


3 15.75 


0.178 


22 


15.12 


O.OIO 


01 


15.32 


0.370 


09 


15.80 


0.314 


16 


" -972 


14.79 


0.035 


04 


15-88 


0.076 I 


4 15.9 


0.183 


• • 


15.18 


0.015 


02 


15.28 


0.375 


09 


15.80 


0.319 


14 


« .981 


14.98 


0.044 


12 


15.98 


0.085 I 


9 15.80 


0.192 


^9 


15.25 


0.024 


05 


15.28 


0.384 


05 


15-85 


0.328 


00 


" .994 


14.79 


0.057 


13 


15-75 


0.099 I 


16.00 


0.205 


01 


15.45 


0.037 


18 


15.35 


0.397 


07 


15-75 


0.341 


04 


1099.717 


15.29 


O.II3 


14 


iS-85 


0.099 c 


15.43 


0.037 


^5 


16.05 


0.190 


07 


15.75 


0.156 


01 


15-60 


0.037 


00 


" -737 


15.29 


0.133 


07 


15-82 


0.II9 I 


15.55 


0.057 


09 


16.05 


0.210 


02 


15.85 


0.176 


04 


15-55 


0.057 


07 


" .772 


15.30 


0.168 


02 


15-92 


0.154 


5 15.75 


0.092 


00 


16.03 


0.245 


05 


15.90 


0.2II 


02 


16.02 


0.092 


32 



VAIOABUS STAKS IN THE CXUSTER MESSIER 1 5 



223 



J.D. 


No. 49. Per. 0^.417973 


No. so. Per. 0^.39850 


No. SI. Per. o^.3977S7 


No. St. Vet. c^.S756eS 


No. S3. Per. o'.4i4i}5 


No. $4- Per. 0^.398395 1 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 




Phase 


Res. 


Ifatn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


d. 
1099.917 

III3.627 

" .636 

" .683 

" .721 

" .763 

" -775 
" .811 

" .897 
" .921 

* -93° 
1128.623 

"32-533 
« .660 

"33533 
" .612 

1135-582 
« .618 

"37-574 
1139.618 

1163.490 

" .548 
1 1 64.47 1 


15.21 

15.30 
15.46 

15.29 
15.40 
15.21 

15.29 
14.98 

14.96 

15.22 

15.22 

15.32 
15.27 

• • • • 

14.69 
15.08 
14.89 
15.00 

15.19 
15.32 

15.43 

• « • • 

15.26 


d. 

0.313 
0.230 

0.239 

0.286 

0.324 

0.366 

0.378 

0.414 

0.082 

0.106 

O.II5 

0.179 

0.327 

• • • • 

0.073 
0.152 
0.032 
0.068 

0.353 
0.307 

0.354 

• • • • 

0.081 


14 
04 

12 

06 

05 
10 

05 

23 

05 
10 

05 
03 

oS 

28 
18 
07 

04 
15 

09 

• • 

25 


is-70 
is-65 
15-65 
15-75 
15-70 
15.92 
15.90 

15-95 

15-95 
15-60 

15-70 
15-6 

is-75 

. • • * 

15.9 
15.2 
15.8 
16.02 

15.6 
15.2 
15.50 
15.6 

• • • • 


d. 
0.299 

0.278 

0.287 

0.036 

0.074 

O.I16 

0.128 

0.164 

0.250 

0.274 

0.283 

0.051 

0.081 

• • • • 

0.185 
0.264 

0.144 
0.180 
0.047 
0.002 
0.292 
0.052 

• • • • 


35 
21 

28 

25 

03 

02 

02 

03 
19 
15 
30 

• • 

01 

• • 

• • 

• • 

04 

• • 

• • 

14 

• • 

• • 


15.98 

15-68 

15-78 
16.10 

16.22 

16.02 

16.25 

15.98 

15-65 

15-52 

15-70 

15-9 

15-95 

15-9 

15.6 

iS-8 

15-9 
16.05 

• ■ • • 

• • • • 

15-5 
15-9 

■ • • • 


d. 
0.237 
0.025 
0.034 
0.081 
O.II9 
O.161 

0.173 
0.209 

0.295 
0.319 

0.328 

0.304 

0.236 

0.363 

0.043 

0.122 

0.103 

0.139 

.... 

.... 
0.168 
0.226 

• • « • 


05 
12 

20 

37 
39 
09 
29 

03 

27 

17 
06 

• • 

08 
17 


16.18 

16.22 

16.30 

16.25 

16.30 

16.15 

16.12 

16.08 

15.12 

15.18 

15.25 
15.98 

16.08 

16.05 

15.25 
15.88 
16.15 
16.25 

15.30 
16.15 

15.55 
15.92 

16.05 


d. 
0.390 

0.286 

0.295 

0.342 

0.380 

0.422 

0.434 
0.470 

0.556 
0.004 
0.013 
0.316 
0.197 
0.324 
0.045 
0.124 
0.368 
0.404 
0.057 

0.374 
0.071 

0.129 

0.476 


04 

07 
14 
06 

08 
08 
12 
16 
01 
06 
10 
20 

09 

13 

05 
II 

05 

03 
10 

07 
06 

13 
19 


15.75 
15-30 
15-20 

15-40 
lS-40 
lS-82 
15-82 
15-72 

15-75 
15-90 
15.90 

15-32 
15.90 

15-50 
1520 

15-80 

15.68 

15.55 

15-85 
16.1 

16.00 

15-95 
15-8 


d. 
0.356 
0.400 

0.409 
0.042 
0.080 
0.122 

0.134 
0.170 

0.256 

0.280 

0.289 

0.073 
0.256 

0.383 
0.013 

0.092 

0.406 

0.028 

0.327 
0.301 

0.153 
0.2II 

0.305 


24 
01 

oS 

07 

05 

17 
12 

oS 

16 

01 

00 

10 

01 

16 

09 
28 

40 

25 

09 

25 
08 

• • 


16.18 

15.55 
15.75 
15.70 
15.88 
16.05 
15.88 
16.10 
16.15 
16.12 
16.05 

15.9 
15.80 

• • ■ • 

15.8 

• • • • 

15.6 
15.60 

• • • • 

• • • • 

• • « • 

15.6 

• • • • 


d. 
0.237 

0.006 

0.015 

0.062 

0,100 

0.142 

0.154 
0.190 

0.276 

0.300 

0.309 

0.264 

0.190 

• • « • 

0.393 

.... 

0.053 
0.089 

.... 
.... 
.... 
0.136 
.... 


06 
04 
16 

07 

15 
20 

02 

06 

02 

05 
03 

• • 

24 
07 


J.D. 


No. SS' P«- 0^.710615 


No. s6. Per. 0^.570307 


No. S7. Per. o'.34895S 


No. s8' Per* 0^^30463 


No. SO' Per. o^.s6s36o 


No. 60. Per. o'.69x8s9 1 


Magn. 


Phase 


Re 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Re 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


d. 
3770.633 
3815-548 
" .635 
3833-554 
4086.763 

4140.634 
4200.53s 
4210.527 
4212.581 
6761.629 
6767.536 
8183.646 
0724.652 
" .669 
" .699 

" .703 
« .733 
« .738 
" -764 

« -794 
" .798 
" .825 

" .839 


• • • • 

15-5 
15-3 
15-4 

• • • • 

15-9 

15-95 
16.20 

15.98 

• • • • 

1 5-4 

• • • • 

15.78 

15.7s 
15.72 

15.72 
15.68 

15.73 

15.75 

15.75 
15.98 

16.02 

16.02 


d. 

• • • • 

0.668 

0.035 
0.684 

. . * • 

0.488 
0.661 

0-578 

0-473 

• • • • 

0.075 

• • • • 

0.028 
0.045 
0.075 
0.079 
0.109 

O.I 14 
0.140 
0.170 

0.174 

0.201 

0.215 


03 
10 

• • 
« • 

• • 

25 
18 

09 
08 

03 
01 

03 
10 

12 
09 

OS 


.... 

15-6 

15-1 

.... 
. * . • 

16.0 

15.5 
16.0 

15-2 

16.1 
15-1 

• • • • 

16.05 
16.15 
16.05 

15.90 
15.75 
15.85 

15.85 
16.05 

16.18 

15.82 

15.40 


d. 

• • • • 

0.498 
0.015 

• • • • 

• • • • 

0.509 
0.528 

0.255 
0.027 

0.373 
0.007 

• • • • 

0.333 
0.350 
0.380 
0.384 
0.414 
0.419 

0.445 

0.475 

0.479 
0.506 

0.520 


05 

05 
06 

20 

36 
26 

25 

03 
II 

02 
05 


15.4 
15.6 

15.3 
15.I 
15.3 

• « • • 

15-35 
15-82 

15-55 

• • • • 

• • • • 

15.2 

15.85 
15.68 

15.71 
15.65 
15.92 
15.98 

15.88 
15.80 
15.98 

15.78 
15.52 


d. 
0.322 

0.224 

0.31 1 

0.086 

0.317 

• • ■ « 

0.336 
0.209 
0.169 

• • • • 

• • • • 

0.005 
0.066 
0.083 
O.II3 
O.II7 
0.147 
0.152 
0.178 
0.208 
0.212 
0.239 

0.253 


07 

15 
38 

. . 
« a 
• . 

30 

05 

03 
II 

05 
08 

07 

15 
02 

05 
21 


• • • • 

15-65 
16.0 

• • • • 
« • • • 

15-8 

16.55 
16.00 

16.00 

.... 

.... 

• . . . 

15.82 

15.85 
15.88 
15.98 
15.98 
16.15 
16.20 
16.02 
16.42 
16.40 
16.32 


d. 

.... 

0.048 
0.13s 

.... 

.... 
O.I16 
0.31 1 
0.212 
0.164 

.... 

.... 

.... 
0.104 
O.I2I 
0.151 

0.155 
0.185 

0.190 

0.216 

0.246 

0.250 

0.277 

0.291 


• • 

10 

m m 

• • 

• • 

• • 

28 

*5 
15 

. . 

II 

15 
24 

15 
22 

07 
06 

27 

13 
08 

00 


.... 
.... 

.... 
.... 
.... 
.... 

.... 

15-7 

• • • • 

• • • « 

• • • • 

• • • • 

15.65 
15-60 

15.67 
15.62 

15.9 
15.68 

15.9 
16.12 

16.08 

16.08 

15.98 


d. 

«... 

• • . . 
.... 
.... 
.... 
.... 
.... 

0.558 

.... 

.... 

.... 

.... 
0.062 
0.079 
0.109 

O.I 13 

0.143 
0.148 

0.174 
0.204 

0.208 

0.235 
0.249 


. ■ 

01 
08 
10 

17 

• • 

18 

• • 

16 
12 

09 
03 


• • • • 

• • • • 

• • • • 

• • • • 

• • • • 

16.0 

• • • • 

• • • • 

• • • • 
« • • • 

• • • • 

15.2 

15.65 

15.52 

15.34 

15.18 

15.30 
15.30 

15.3 
15.60 

15.55 
15.38 
15.48 


d. 

.... 

.... 
.... 
.... 
.... 
0.244 

• • « • 

• • • • 

• • • • 

• • • • 

• • • • 

0.073 
0.598 

0.615 

0.645 

0.649 

0.679 

0.684 

0.019 

0.049 

0.053 
0.080 

0.094 


03 
00 

01 
01 

• • 

27 
22 

01 

06 
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J.D. 


No. 55. Per. </'.7i96is 1 


No. 56. Per. ©''.570307 1 


No. 57- Per. of 34«03S 1 


No. 58. Per. 0^^30463 1 No. 59. Per. 0^.565960 1 


No. 6a Per. a^.691852 1 


Magn. 


Phase 


Res. 


Magn. 


Phaae 


Res. 


Magn. 


Phase 


Res. 


Magn. Phase 


Re*. M«cn. Phsse 


Res. 


M<>gy» 


Phase 


Res. 


i. 




d. 






d. 






d. 






d. 






d. 






d. 




0724.856 


16.02 


0.232 


01 


15.15 


0.537 


II 


15-35 


0.270 


23 


16.25 


0.308 


03 


16.0 


0.266 


• • 


15.3 


O.III 


• ■ 


« .862 


15.78 


0.238 


25 


15.20 


0.543 


02 


15.35 


0.276 


20 


16.3 


0.314 


• • 


16.0 


0.272 


• • 


15.3 


O.II7 


• • 


" .894 


1595 


0.270 


12 


15.20 


0.005 


01 


15.28 


0.308 


09 


15.85 


0.346 


15 


16.10 


0.304 


01 


15.60 


0.149 


03 


" .911 


16.02 


0.287 


08 


15.32 


0.022 


10 


15-38 


0.325 


07 


15.75 


0.363 


07 


16.00 


0.321 


10 


15.68 


0.166 


06 


" .946 


16.12 


0.322 


04 


15.62 


0.057 


30 


15-25 


O.OII 


06 


15.51 


0.398 


13 


16.28 


0.356 


18 


15-90 


0.201 


17 


« .982 


16.30 


0.358 


09 


15.65 


0.093 


IS 


15-4 


0.047 


• • 


15.45 


0.014 


23 


16.12 


0.392 


02 


15.89 


0.237 


06 


" .987 


16.10 


0.363 


12 


15.60 


0.098 


07 


15-50 


0.052 


01 


15.50 


0.019 


20 


15.98 


0.397 


12 


15-90 


0.242 


06 


0725.653 


16.30 


0.310 


16 


16.05 


0.193 


07 


15.42 


0.021 


07 


16.25 


0.264 


06 


15.85 


0.498 


05 


15-75 


0.216 


02 


« .677 


16.08 


0.334 


10 


16.05 


0.217 


03 


iS-48 


0.045 


03 


16.30 


0.288 


02 


15.62 


0.522 


03 


1584 


0.240 


00 


" .7" 


16.20 


0.368 


03 


15.95 


0.251 


10 


15-60 


0.079 


01 


16.00 


0.322 


21 


15.38 


0.556 


12 


16.00 


0.274 


09 


" .721 


16.3s 


0.378 


II 


16.15 


0.261 


09 


15-60 


0.088 


05 


16.22 


0.332 


10 


15.48 


0.000 


02 


15.90 


0.284 


02 


« .729 


16.10 


0.386 


14 


15.98 


0.269 


09 


15-58 


0.097 


12 


16.00 


0.340 


04 


15.50 


0.008 


01 


15.85 


0.292 


08 


" .792 


16.25 


0.449 


02 


16.20 


0.332 


10 


16.00 


0.160 


08 


15.85 


0.403 


21 


15.78 


0.071 


10 


16.15 


0.355 


18 


« .812 


16.25 


0.469 


03 


16.00 


0.352 


10 


15.98 


0.180 


02 


15.98 


0.003 


ii 


15.80 


0.091 


07 


16.10 


0.375 


II 


" .821 


16.40 


0.478 


12 


16.30 


0.361 


20 


16.00 


0.189 


03 


16.20 


0.012 


53 


16.00 


O.IOO 


25 


16.15 


0.384 


16 


" .852 


16.35 


0.509 


05 


16.10 


0.392 


01 


15-90 


0.220 


03 


15.98 


0.043 


24 


15.82 


0.I3I 


01 


16.0 


0.415 


• ■ 


" .857 


16.22 


0.514 


08 


16.00 


0.397 


II 


15-90 


0.225 


01 


15.85 


0.048 


09 


15.80 


0.136 


03 


15.92 


0.420 


08 


" .916 


16.25 


0.573 


05 


16.25 


0.456 


15 


15-35 


0.284 


15 


16.05 


0.107 


12 


15.88 


0.195 


05 


15-92 


0.479 


08 


« .926 


16.52 


0.583 


22 


16.25 


0.466 


16 


15-50 


0.294 


05 


16.25 


O.II7 


27 


16.05 


0.205 


10 


15.9 


0.489 


m • 


" .937 


16.05 


0.594 


24 


16.08 


0.477 


01 


15.50 


0.305 


13 


16.3s 


0.128 


33 


16.15 


0.216 


18 


15.80 


0.500 


20 


" .967 


16.15 


0.624 


12 


15.45 


0.507 


30 


15-25 


0.33s 


04 


16.3 


0.158 


• • 


16.0 


0.246 


• • 


16.0 


0.530 


■ * 


" .972 


16.20 


0.629 


06 


15.48 


0.512 


07 


15.30 


0.340 


02 


16.2 


0.163 


• • 


15.9 


0.251 


« • 


16.0 


0.53s 




« .981 


16.3 


0.638 


• ■ 


15.35 


0.521 


09 


15.42 


0.349 


15 


1 6.4s 


0.172 


27 


16.0 


0.260 


• • 


16.0 


0.544 




" .994 


16.2 


0.651 


• • 


15.2 


0.534 


• • 


iS-4 


0.013 


• • 


16.3 


0.185 


• • 


15.9 


0.273 


• • 


16.0 


O.S57 




1099.717 


15.90 


0.174 


03 


15.88 


0.136 


12 


15-76 


0.026 


39 


16.30 


O.I16 


33 


15.85 


0.360 


25 


15.5 


0.733 




" .737 


15.9 


0.194 


• • 


15.9 


0.156 


• • 


15.6 


0.046 


• • 


• • • • 


• • • • 


• • 


• • • • 


.... 


• • 


15.3 


0.008 




" .772 


16.00 


0.229 


00 


16.18 


O.I9I 


20 


15.65 


0.081 


02 


16.30 


O.171 


13 


16.15 


0.415 


05 


15.5 


0.043 




" .917 


16.I 


0.374 


• • 


16.0 


0.336 


• • 


16.2 


0.226 


• • 


• • • • 


• • • ■ 


• • 


• • • • 


• • • • 


• • 


15.6 


0.188 




1113.627 


16.15 


0.412 


12 


16.25 


0.358 


14 


15.30 


0.328 


00 


16.32 


O.151 


19 


15-75 


0.138 


08 


15.40 


0.061 


05 


« .636 


16.42 


0.421 


16 


X6.I2 


0.367 


01 


15.12 


0.337 


15 


16.25 


0.160 


II 


15-95 


0.147 


10 


15.35 


0.070 


02 


" .683 


16.38 


0.468 


10 


16.05 


0.414 


06 


15.78 


0.035 


37 


16.35 


0.207 


II 


16.18 


0.194 


25 


15.62 


0.117 


15 


" .721 


16.30 


0.496 


02 


16.10 


0.452 


00 


15.64 


0.073 


05 


16.35 


0.245 


06 


16.00 


0.232 


01 


15.45 


0.15s 


15 


" .763 


16.30 


0.548 


00 


15.78 


0.494 


IS 


15.98 


O.II5 


24 


16.38 


0.287 


06 


16.10 


0.274 


06 


15.60 


0.197 


12 


" .775 


16.40 


0.560 


10 


15.90 


0.506 


10 


1595 


0.127 


15 


16.30 


0.299 


01 


16.20 


0.286 


14 


15.78 


0.209 


03 


« .811 


16.00 


0.596 


29 


15.30 


0.542 


07 


15.88 


0.163 


04 


16.0 


0.335 


• • 


16.1 


0.322 




16.02 


0.24s 


17 


" .897 


15.55 


0.682 


03 


15.45 


0.058 


13 


15-80 


0.249 


05 


16.05 


0.000 


41 


15-9 


0.408 




15.85 


0.331 


tl 


" .921 


15.55 


0.706 


06 


15.58 


0.082 


15 


15-45 


0.273 


12 


15.88 


0.024 


18 


15-85 


0.432 


25 


15.8 


0.355 


« • 


" -930 


15.65 


0.715 


16 


15.60 


0.091 


10 


15-58 


0.282 


06 


16.00 


0.033 


28 


15-9 


0.441 




15.88 


0.364 


10 


1128.623 


• • • • 


• • • • 




15.3 


0.527 




15-5 


0.320 




• • • • 


• • • • 




• • • • 


• • • • 




• • • • 


• • • • 




"32.533 


• • ■ • 


• • • • 




• • • • 


• • • • 




• • • • 


• • • • 




• • • • 


« • • • 




• • • • 


• • • • 




• • • • 


• • • • 




« .660 


15.5 


0.015 




15.3 


O.OOI 




• • • • 


• • • • 




• • • • 


• • • • 




• • • • 


• • • • 




• ■ ■ • 


• • ■ • 




"33533 


16.1 


0.168 




16.0 


0.304 




15-25 


0.34s 


02 


• • • • 


• • • • 




• • • • 


• • • • 




• • • • 


• « • • 




" .612 


• • • • 


• • • • 




I6.I 


0.383 




• • ■ • 


• • • • 




• • • • 


• • • ■ 




• • • • 


• • • • 




• • • • 


• • a • 




"35.582 


• • • • 


• • • • 




15.2 


0.072 




15-2 


0.300 




• • • • 


• • • • 




• • • • 


• • • • 




• • • ■ 


• • • • 




« .618 


15-9 


0.094 




15.3 


0.108 




15-25 


0.336 


03 


• • • • 


• • • • 




• ■ • • 


• • • • 




■ • • • 


• • • • 




"37-574 


16.1 


0.61 1 




• • • • 


• ■ • • 




■ • • • 


• • • • 




• • • ■ 


• ■ • • 




• • • ■ 


• • • ■ 




• • • • 


• • • • 




1139.618 


• • • • 


• • • • 




• • • ■ 


• • • • 




• • • • 


• • • • 




• • ■ • 


• • • • 




• • • • 


• • • • 




• • • • 


• • • • 




1163.490 


• • • • 


• • • • 




15.2 


0.03s 




• • • • 


• • • • 




• • • • 


• • • • 




■ • • • 


• • • • 




• « • • 


• • • • 




« .548 


• • • • 


• • • • 




• • • • 


• • • • 




1 5-3 


0.002 




• • • • 


« ■ • • 




• • • • 


• • • • 




■ » • • 


» • • • 




1 164.471 


• • • • 


• • • » 




15.9 


0.44s 




• • • • 


• « • • 




• ■ • • 


• • • « 




• • • • 


• • « • 




• • • • 


« « • • 
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J.D. 


No. 61. Per.0^.61030 


No. 6a. Per. 0^.38818 


No. 63. Per. 0^.67370 


No. 64. Per. o<'.35i69S 


No. 65. Per. 0^.756048 


No. 66. Per. o'.379330 1 


Magn. 


PhMe 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Magn. 


Phsse 


1 Res. 


Magn. 


Pluue 


Res. 


M<«n. 


Phaae 


Res. 


i. 




d. 






d. 






d. 






d. 






d. 






d. 




3770.633 


• • • • 


• « • ■ 
















15.7 


0.053 




• • • • 


• • • • 


• • 


15.4 


0.093 


• • 


3815.548 


» • • • 


• • • • 










.... 






15.9 


0.303 




15.60 


0.068 


02 


• • • • 


• • • • 


• • 


" .635 


• • • • 


• • • • 
















15.8 


0.038 




• • • • 


• • • • 


■ • 


15.44 


0.334 


09 


3833.554 


• • • • 


■ • • • 
















• • • ■ 


• • • • 




15.6 


0.685 


• • 


• • • • 


• • • • 


• • 


4086.763 


• • • • 


« • • • 
















15.6 


o.oog- 


. . 


• • • • 


• • • • 


• • 


• • • • 


• • • • 


• • 


4140.634 


• • • • 


• • • • 
















• • • • 


■ • • • 




15.32 


0.053 


22 


16.0 


0.247 


• • 


4200.535 


• • • • 


• • • • 
















15.95 


0.184 


22 


15.55 


0.227 


35 


16.15 


0.214 


05 


4210.527 


• • « • 


• ■ • • 

















15.65 


0.329 


01 


1568 


0.390 


45 


15.65 


0.343 


16 


4212.581 


16.4 


0.312 
















15.85 


0.272 


24 


15.6 


0.176 


■ • 


15.65 


0.122 


17 


6761.629 


• • • • 


• • • • 
















• • • • 


• • • • 


m • 


• • • • 


• • • • 


• • 


15.85 


0.072 


28 


6767.536 


• • • • 
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16.28 


0.482 


12 


15.6 


0.350 
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0.032 


02 


15.70 


0.007 


07 


16.40 


0.405 


26 


16.20 


0.234 


12 


« .669 


16.03 


0.499 


II 


15.62 


0.367 


03 


15.52 


0.049 


07 


15.65 


0.024 


00 


16.20 


0.422 


05 


i6.io 


0.251 


04 


* .699 


15.68 


0.529 


02 


15.62 


0.009 


05 


15.55 


0.079 


09 


15.58 


0.054 


14 


16.25 


0.452 


08 


15.92 


0.281 


01 


" .703 


15.65 


O.S33 


02 


1555 


0.013 


12 


15-62 


0.083 


03 


15.70 


0.058 


04 


16.08 


0.456 


10 


15.75 


0.285 


16 


« .733 


15.45 


0.563 


02 


15.58 


0.043 


16 


15.62 


O.II3 


II 


15.75 


0.088 


09 


15.92 


0.486 


26 


15.52 


0.315 


15 


" .738 


15.35 


0.568 


II 


15.70 


0.048 


06 


16.02 


O.I18 


27 


15.90 


0.093 


05 


16.08 


0.491 


10 


15.54 


0.320 


08 


« .764 


15.31 


O.S94 


12 


15.9 


0.074 


• • 


15.88 


0.144 


04 


15.85 


0.II9 


10 


15.92 


0.517 


26 


15.44 


0.346 


03 


" -794 


15.52 


0.014 


07 


16.12 


0.104 


11 


15.86 


0.174 


08 


15.95 


0.149 


13 


15.88 


0.547 


30 


15.54 


0.376 


13 


" .798 


15.52 


0.018 


06 


16.35 


0.108 


32 


16.02 


0.178 


07 


16.20 


0.153 


12 


15.88 


0.551 


30 


15.52 


O.OOI 


11 


" .825 


15.55 


0.045 


03 


15.90 


0.135 


H 


16.25 


0.205 


22 


16.30 


0.180 


14 


16.10 


0.578 


08 


15.55 


0.028 


12 


« .839 


15.54 


0.059 


01 


16.35 


0.149 


17 


16.20 


0.219 


12 


15.95 


0.194 


24 


15.98 


0.592 


19 


1544 


0.042 


04 


" .856 


15.48 


0.076 


H 


16.3 


0.166 


• • 


16.I 


0.236 


• ■ 


16.30 


0.2II 


02 


15.95 


0.609 


21 


15.48 


0.059 


04 


" .862 


15.3 


0.082 


• • 


16.0 


0.172 


• • 


15.9 


0.242 


• • 


16.0 


0.217 


• • 


15.55 


0.615 


60 


15.55 


0.065 


02 


" .894 


15.92 


0.114 


17 


16.38 


0.204 


12 


16.32 


0.274 


12 


16.25 


0.249 


04 


1595 


0.647 


03 


15.71 


0.097 


03 


" .911 


15.88 


0.131 


06 


15.95 


0.221 


31 


16.25 


0.291 


01 


15.72 


0.266 


41 


15.72 


0.664 


02 


15.72 


0.II4 


06 


" .946 


16.08 


0.166 


15 


15.98 


0.256 


26 


16.25 


0.326 


05 


15.75 


0.301 


05 


15.58 


0.699 


08 


15-95 


0.149 


01 


« .982 


16.05 


0.202 


02 


15.80 


0.292 


25 


16.35 


0.362 


01 


15-52 


0.337 


09 


15.35 


0.735 


08 


16.15 


0.185 


07 


" .987 


16.15 


0.207 


II 


15.80 


0.297 


15 


16.50 


0.367 


15 


15.58 


0.342 


03 


15.42 


0.740 


01 


1582 


0.190 


27 


0725.653 


15.85 


0.263 


27 


16.35 


0.187 


10 


16.30 


0.359 


03 


15.70 


0.305 


07 


15.62 


0.650 


25 


15.69 


0.097 


01 


" .677 


16.08 


0.287 


06 


16.32 


0.2II 


06 


16.35 


0.383 


03 


15.68 


0.329 


05 


15.71 


0.674 


08 


15.98 


O.I2I 


16 


* .711 


16.00 


0.321 


16 


16.30 


0.245 


04 


16.28 


0.417 


13 


15.75 


O.OII 


12 


15.44 


0.708 


03 


15.98 


0.155 


00 


« .721 


16.4 


0.331 


. . 


16.42 


0.255 


17 


16.52 


0.427 


10 


15.85 


0.021 


21 


1552 


0.718 


08 


16.08 


0.165 


05 


" .729 


16.05 


0.339 


II 


16.00 


0.263 


H 


16.32 


0.435 


10 


15.60 


0.029 


05 


15.58 


0.726 


15 


15.95 


0.173 


to 


« .792 


16.08 


0.402 


08 


15.65 


0.326 


03 


16.50 


0.498 


06 


15.85 


0.092 


00 


15.58 


0.033 


07 


16.02 


0.236 


06 


" .812 


16.10 


0.422 


06 


15.62 


0.346 


03 


16.50 


0.518 


06 


15.90 


O.II2 


01 


15.56 


0.053 


03 


15.96 


0.256 


09 


« .821 


16.40 


0.431 


24 


16.10 


0.355 


45 


16.55 


0.527 


II 


16.35 


O.I2I 


39 


15.90 


0.062 


33 


16.01 


0.265 


01 


« .852 


15.98 


0.462 


18 


15.85 


0.386 


19 


16.20 


0.558 


16 


16.25 


0.152 


17 


15.64 


0.093 


01 


15.75 


0.296 


10 


" -857 


15.92 


0.467 


24 


15.75 


0.002 


09 


15.82 


0.563 


48 


16.10 


0.157 


01 


15.58 


0.098 


06 


15.78 


0.301 


01 


« .916 


15.60 


0.526 


13 


15.80 


0.061 
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15.60 


0.622 


15 


16.25 


0.216 


02 


15.70 


O.IS7 


07 


15.45 


0.360 


02 


« .926 


15.80 


0.536 


17 


16.22 
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38 


15.82 


0.632 


16 


16.48 


0.226 


24 


15.99 
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19 


15.49 
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07 


" -937 


15.50 


0.547 


03 


15.92 


0.082 


04 


15.58 


0.643 


03 


16.32 


0.237 


09 


15.75 


0.178 


07 


1549 


0.002 


08 


" .967 


15.34 


0.577 


II 


16.0 
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15.55 


0.674 
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16.1 


0.267 
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0.208 
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0.032 
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0.591 




16.3 


0.126 


• • 


15.6 


0.014 




16.0 


0.281 




15.9 


0.222 




15.52 


0.046 


02 


" .994 


15.8 


0.604 




16.I 


0.139 


• • 


15.9 


0.027 




16.1 


0.294 




15.8 


0.235 




15.4 


0.059 


• • 


1099.717 


• • • • 


• • • • 




15.55 


0.045 


20 


16.3 


0.521 




15.9 


0.165 




16.3 


0.471 




16.08 


0.142 


16 


" .737 


• • • • 


• ■ • • 




• • • • 


• • • • 


• • 


.... 


a • • • 




16.4 


0.185 




16.3 


0.491 




16.3 


0.162 


•• 


" .772 


16.30 


0.268 


17 


16.18 


0,100 


21 


15.90 


0.576 


30 


1588 


0.220 


35 


16.28 


0.526 


10 


16.10 


0.197 


B 



226 



ANKALS OF HARVASD COLLEGE OBSERVATORY 



J.D. 


No. 61. Per. (/.610J0 


No. 6a. Per. c^.38818 


No. 63. Per. 0^.67370 


No. 64. Per. 0^.351695 


No. 65. Per. of756o48 


No. 66. Per. o^.37M30 1 


M.gn. 
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Res. 
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Ret. 


Magn. 
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Res. 


Magn. 
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Res. 


Magn. 


Phase 


Res. 


Magn. 
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Res. 
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1099.917 

III3.627 

" .636 

" .683 

" .721 

" .763 

« .775 
« .811 

« .897 
* .921 

" -930 
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« .618 

"37-574 
1 139.618 

1163.490 
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In a few cases, measures of difficult stars have been possible on the Mount Wilson 
plates, when not advisable on the Arequipa or Cambridge plates. Periods have been 
determined, therefore, in such cases from the Moimt Wilson plates only, but since 
such periods depend upon the observations of four nights and cover an interval of 
little more than one year, these periods are less precise than those derived from all 
the plates. The results for the last two plates, H 1745 and H 1746, made on J. D. 
1184.501 and 1184.540, are given in Table XLIII. The first column gives the 
number of the variable. When no measures were made the variable is omitted. Re- 
sults corresponding to those foimd in Table XLII are given in the following six 
colimms for J. D. 1184.501 and J. D. 1184.540. 
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TABLE XLIII 



ADDITIONAL OBSERVATIONS OF THE VARIABLES 



Vm. 


J. D. X 184.501 


J. D. X184.540 


Var. 


J. D. 1184.501 


J. D. 1x84.540 1 


Magn. 


Phase 


Res. 


Magn. 


Phase 


Res. 


Masn. 


Phase 


Res. 


Magn. 
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14.9 
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14.65 


d. 
0.244 


19 


29 


16.2 


d. 
0.090 


• • 


15.2 


d. 
0.129 


• . 


2 


15.3 


0.653 


• • 


15.40 


0.028 


17 


30 


15.62 


0.086 


01 


15.65 


0.125 


09 


3 
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0.047 


• • 


16.I 


0.086 


• • 
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0.249 
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16.3 
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0.221 
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15.60 


0.260 
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15.40 
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15.30 


0.008 
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35 


15-50 
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13 


6 


• • • • 


• • • • 


• • 


15.7 
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• • 


38 


15.38 


0.048 


01 


15.35 


0.087 


22 


7 


• • ■ • 


• • • • 


• • 


15.8 


O.181 


• • 


39 


15.58 


0.325 


18 


15.22 


0.364 


iB 


8 


16.00 


0.578 


04 


15.62 


0.617 


24 


40 


15.40 


0.024 


OS 


15.45 


0.063 


02 


9 


15-72 


0.309 
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15.85 


0.348 


07 


41 


. . . • 


• • • • 


. • 


16.I 


• • • • 


• • 


10 


15.88 


. • • • 


• • 


16.05 


. • . • 


• • 


42 


16.02 


0.213 
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15.98 


0.252 


06 


II 


16.20 


0.162 


22 


16.00 


0.201 


05 


43 


15.85 


0.068 


49 


1543 


0.107 


09 


12 


15.15 


0.049 


15 


15.20 


0.088 


34 


44 


15.9 


O.I91 


. . 


16.1 


0.230 


• • 


13 


15.32 


0.033 


12 


15.25 


0.072 


15 


45 


I6.I 


0.154 


. . 


16.1 


0.193 


• • 


14 


16.15 


0.185 


18 


16.05 


0.224 


OS 


48 


• • • • 


• • • • 


. • 


15.2 


0.017 


• • 


IS 


15.90 


0.257 


10 


16.20 


0.296 


13 


49 


• • • • 


• • • • 


. . 


14.89 


0.088 


'5 


17 


15.85 


0.399 


05 


15.90 


0.438 


00 


SO 


15.85 


0.109 


03 


15.8 


0.148 


• • 


19 


16.15 


0.497 


09 


15.10 


0.536 


15 


SI 


15.80 


0.098 


03 


15.9 


0.137 


• • 


20 


16. 1 


0.326 


• . 


15.70 


0.365 


37 


52 


16.30 


0.360 


09 


16.15 


0.399 


oy 


22 


15.5 


0.099 


. • 


• • • • 


• ■ • • 


« • 


S3 


15.40 


0.043 


07 


15.48 


0.082 


02 


23 


15.80 


0.270 


07 


16.05 


0.309 


12 


54 


15.80 


0.376 


18 


15.9 


0.017 




24 


16.15 


0.227 


02 


16.I 


0.266 


. . 


56 


• • • • 


• « • • 


. . 


15.2 


0.553 




25 


• « • • 


• • • • 


• • 


15.55 


0.099 


09 


57 


15.32 


0.019 


02 


• . . a 


• . . . 




26 


IS-6S 


0.399 


32 


15.48 


0.036 


II 


64 


I6.I 


0.190 


. . 


. . . • 


. . . . 




27 


• • • m 


• • • • 


. • 
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. . 
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0.335 


. . 


. . . • 


• . . . 
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Remeasurements are given in Table XLIV for all cases where the difference 
between the results of the first measures by Miss Leland and Miss Woods amounted 
to as much as 0.50 magn. The number of these large discordances is perhaps not 
greater than might be expected, when difficult objects are independently measured 
by two observers. In general, these measures were accompanied by the remark, 
" difficult," or " doubtful." A different sequence of comparison stars was used in 
several cases. While this should make no difference, so far as the magnitudes of 
the comparison stars are concerned, discordances of considerable amoimt may occur 
due to the variation in form and definition of the stellar images on different parts 
of the plate. Moreover, the presence and position of the mass of stars forming 
the centre of the cluster, the direction and distance of the comparison stars, the 
proximity of adjacent stars, the varying density of the background of faint stars, 
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the position in which the plate is held, and doubtless many other factors, exert a 
greater or less influence on the measures and occasionally imite to bring about large 
differences. It appears from Table XLIV that remeasurements decrease these dis- 
cordances, which could be still further reduced in many cases by repeated measures, 
if these were necessary. A curious feature of these discordant cases is the fact that 
in general the magnitude derived by Miss Leland is brighter than that obtained by 
Miss Woods, that is, L — W is negative. The mean value of L — ^W for all the origi- 
nal measures given in the third and fourth columns of Table XLIV is —0.43 magn. 
The corresponding value for the remeasures is —0.25 magn. Such a difference be- 
tween the two observers does not appear, however, when all the measures given in 
Tables XLII and XLIII are considered. To avoid prejudice, the ten variables, Nos. 10, 
15, 20, 25, 30, 35, 40, 45, 50, and 55, were selected. The mean values of L — ^W for all 
the observations of these ten variables are +0.02, — o.oi, —0.04, +0.05, +0.09, —0.02, 
—0^06, —0.04, +0.01, and —0.06, respectively, the mean of all being —0.006 magn. 
It thus appears that in general there is practically no difference in the magnitudes 
as estimated by the two observers, but that, in the case of difficult and discordant 
observations, L — ^W usually becomes a large negative quantity. The mean differences 
in the magnitudes derived by L and W for the above ten stars, without regard to 
sign, are =to.ii, ito.ii, zto.ii, ±0.12, ±0.15, ±0.13, ±0.19, =to.i2, ±0.10, and 
dbo.iS magn., and for all, iko.13 magn. 

The first colxunn in Table XLIV gives the nimiber of the variable, the second 
column, "the Julian Date of the observation, and the third and fourth coliunns, 
the original measures by L and W. The fifth and sixth colimms give the results 
of the corresponding remeasurements, the seventh column, the adopted mean mag- 
nitude, and the eighth colmnn, the residuals from this mean. Whenever an in- 
dividual determination differed by 0.50 magn. from the mean of all, it was rejected 
and the mean of the other measures was adopted. Dots in the colimms of 
magnitude indicate that the observer considered the image of the star too difficult 
for measurement, and in the coliunn of residuals, that the corresponding magnitudes 
were missing or rejected for discordance. The large differences given in this table 
appear to be due, with a few exceptions, to accidental errors of observation, due to 
unavoidable causes. The mean magnitudes, however, derived from the four meas- 
ures are reasonably good and have been included also in Tables XLII and XLIII. 
The mean deviation from the smooth curves, drawn through all the observations, for 
the magnitudes given in Table XLIV is ±0.15 magn., and shows that the mean 
magnitude derived from several measures of even a very difficult object is, in general, 
fairly satisfactory. 
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TABLE XLIV 



REMEASUREMENTS OF THE VARIABLES 



No. 


J.D. 


z. Magn. 


a. Magn. 


Mean 
Magn. 


I 


OmmiA^mU 


No. 


J.D. 


X. Magn. 


a. Magn. 


Mean 
Magn. 


^ 


[>i.^j...i. 1 


L 


W 


L 


W 




L 


W 


L 


w 




3 


d. 
0725.821 


15.5 


16.0 


15.6 


16.0 
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CHAPTER XI 

THE ELEMENTS OF THE VARIABLES IN MESSIER 1 5 

Measurements have been made by two observers of 66 stars on 75 photographs. 
Periods for 61 of these are given in the following table. The results obtained for 
the variables in Messier 15 differ in some respects from those found in other dusters 
already discussed. The variables in this cluster may be divided with reference to 
the length of period into three classes. The first group consists of those stars whose 
period is about one third of a day. It is formed by 29 variables which have periods 
between o''.30 and ci^.44. No variables have been foimd with periods from 0*^.45 to 
0^.56. The second group of variables has periods between 0*^.57 and o''.76. It con- 
sists of 31 stars. The third group consists of a single star whose period is i*'.44. 
The light curves of all these variables, with several graphical illustrations, will be 
foimd in Chapter XII. The form of the light cxirve of the first group differs from 
that of the second group. That of the first group resembles those in cuCentauri, 
which were put into subclass c, or those of the eight stars in Messier 5 having 
double maxima. The stars of the second group appear to be of the ordinary cluster 
type. The mean period of the first group, o'^-sS, is somewhat more than half that 
of the second group, o''.64, which is less than half that of the single variable whose 
period is 1*^.44. The magnitudes of the variables in this cluster are in general ex- 
tremely imiform. The mean magnitude of all the variables whose periods were deter- 
mined, omitting Nos. i and 49, is 15.71. Two somewhat striking exceptions occur 
to this general imiformity. No. i, whose mean magnitude is 14.95, ^^d No. 49, 
whose mean magnitude is 15.05. The period of 49 is not widely different from 
those of other variables in the cluster, and its imusual brightness may be caused by 
the union of its light with that of another star, although this is not indicated by the 
light cxurve. The range of variation of the variables in Messier 15 is rather small, 
ranging from half a magnitude to a little more than a magnitude. The mean range 
of all is 0.77 magn. The mean range of the variables of the first group, having 
periods between 0*^.30 and o''.44, is 0.67, and of the second group, having periods 
from 0*^.57 to 0^76, is 0.84. The range of No. i is 1.18 magn. In other clusters, 
many of the variables have shown a more or less marked indication of a secular 
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variation in the length of the period. No such variation is clearly manifest in the 
periods of any of the variables in Messier 15. In many cases, the periods appear to 
be perfectly vmiform during the twenty years covered by the observations, involving, 
for those of the shortest periods, twenty thousand returns of maximum. The precise 
value of the period is in doubt in the case of many of the more difficult stars, and 
for such stars all the elements are to some extent untrustworthy. These difficulties 
are explained somewhat fully in the remarks following the table of elements. For 
many stars, however, Uttle or no doubt can be present, and the period is exact to 
the millionth of a day, and in a few cases, the ten millionths have significance, that 
is, the period must be exact to the tenth of a second. 

In Table XLV, the first column gives the niunbers of the variables arranged in 
the order of discovery, and the second and third columns, the rectangular coordinates 
from the centre of the cluster, as an origin. These quantities have been taken from 
H.A. 38, for the first fifty-one variables. The positions for the others have been 
determined with reference to these stars. The fourth coliunn gives the approxi- 
mate distance of the star from the centre of the cluster, derived from the pre- 
ceding two columns. The fifth, sixth, and seventh columns contain the maximum 
magnitude, the minimum magnitude, and the range. The eighth, ninth, tenth, and 
eleventh columns give the duration of maximum, minimum, increase, and decrease. 
The first and second of these quantities are only approximate and give, not the 
diuration of the actual maximum and minimum, which doubtless is near zero in 
many cases, but the diuration of the time during which as determined by the light 
ciurves, the brightness is within one tenth of a magnitude of complete maximum or 
minimum. These quantities are expressed in percentages of the whole period. The 
twelfth and thirteenth colunms give the approximate maximum rate of increase and 
decrease in light, in magnitudes per hoiur. The fourteenth coliunn gives the epoch 
to which the returns of maximum are referred. As in other clusters, this is the 
time of the first maximum after the beginning of the present century. The Julian 
Day of this epoch in this cluster is always 241 5021. The fifteenth and sixteenth 
colunms give the periods, expressed in decimal parts of a day, and in hours, minutes 
and seconds. The seventeenth colunm gives the number of returns of maTimnm 
from the first to the last observation used in the determination of the period. The 
last colunm gives the mean deviations, from the smooth curve, of the individual 
observations. 
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TABLE XLV 

ELEMENTS OF THE VARIABLES 
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REMARKS 



1. This variable is unique. There seems to be no doubt 
that the period given, i*j^sy44, is about right. The next 
longest period found in this cluster is that of No. 65, 
0^.756048. This is a trifle more than half that of No. i, 
while the periods of Nos. 22 and 55 appear to be very 
neariy one-half. One-fourth of the period of No. i, or 
0^.36, is near the mean period of the group of variables 
having very short periods. Hie mean magnitude of 
No. I is more than half a magnitude brighter than the 
mean of all the variables. The only other variable, 
whose period has been determined and ^ose magnitude 
is exceptionally bright, is No. 49. 

2. Hie results for this star appear to be satisfactory. The 
form of the light curve is that of the ordinary cluster 
type, i^proaching that designated in HA. 38 as Sub- 
dassb. 

3. Hie results for this variable are fairiy satisfactory, but 
there are a few large deviations of the individual meas- 
ures from the smooth curve. 

4. Hie elements of this star appear to be eq>edally trust- 
worthy. 

5. Hie elements of this star are probably about right, 
although there are several hirge deviations from the 
smooth curve. 

6. The elements given in the table i^pear to be trust- 
worthy. 

7. The elements are probably about right, although the 
deviations from the light curve are large. Nos. 6 and 7 
are rather difficult objects on many plates. 



II. 
12. 



13 



14. 



8. The elements of this star i^pear to be especially trust- 
worthy. 

9. Elements eq>edally trustworthy. 

10. No period has been found which satisfies well the X and 
H plates. The given period yields accordant results for 
the MW plates, J. D. 0724 to J. D. 11 13, and is probably 
about right. 

Elements especially trustworthy. 

Elements appear to be good, although the observation 
at J. D. 4210 is discordant, which may indicate a slight 
error in the period. 

Elements eq>edally trustworthy. The light curve is of 
the ordinary cluster type. 

Elements especially trustworthy. The deviations from 
the smooth curve are small. The accordance may be due 
in part to the fact that this variable is very near the com- 
parison stars. A typical variable of very short period. 

15. Elements trustworthy. 

16. The image of this star is confused with that of a dose 
companion on the X and H plates. The measures on 
these plates were therefore rejected and the given ele- 
ments depend on the MW plates only. The results 
appear to be good. The period is rather long and the 
range small, the form of the light curve being that of 
Subclass b. 

17. The range of variation of this star is small, and for some 
reason the measures do not seem to give very accordant 
results. The elements given in the table are probably 
about right. 
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23s 



18. 



19. 
20. 

21. 



22. 
24. 

25. 
26. 



27. 



28. 



29. 



30- 

31. 

32. 
33. 



34. 

35. 
36. 
37. 



38. 

39. 
40. 

41. 

42. 
43. 



44. 



The measures of this star are somewhat discordant. No 
period has been found which satisfies well the X and H 
plates. The elements given in the table depend only on 
the MW plates, and aze apparently about right. 
The elements of this star appear to be trustworthy. 
The elements of this star appear to be trustworthy, 
although there are some discordances. 
This star is near the centre of the cluster and difficult. 
The elements given are probably about right, although 
the results are somewhat discordant. 
Elements fairly satisfactory. 
Elements especially trustworthy. 
The results are somewhat discordant, but the given 
elements are probably about right. 
Elements especially trustworthy. 
The elements given are probably about right. There 
are a few discordances, perhaps due to the distance of 
the variable from the comparison stars. 
This star is nearly a magnitude fainter than the mean 
magnitude of the variables in the cluster. Its variability 
is doubtful. 

Elements especially trustworthy. Light curve is of the 
ordinary cluster type. It is the most distant variable 
found in the cluster, whose extreme diameter thus 
becomes over 20'. 

This star has a close companion and is a difficult object 
on many of the X and H plates. The elements are 
doubtless about right. 

The elements given appear to be about right although 
there are several large deviations from the smooth curve. 
The results appear to be fairly good. 
Elements appear trustworthy. 

A difficult object, near the centre of the cluster. It is 
doubtless variable, but owing to the discordances in the 
measures, no period has been determined. 
The variability seems doubtful. A difficult star. No 
period has been found. 
Elements especially trustworthy. 
Elements appear to be trustworthy. 
A close and difficult star. The image of the variable is 
confused with that of a close companion on the X and H 
plates, and these have therefore been omitted. No 
satisfactory period has been found. 
The elements appear to be trustworthy. 
The elements are probably good. 
The elements are probably about right, in spite of several 
large discordances. 

The star is near the centre. The period may be about 
0*42. 

Elements especially trustworthy. 
The star is distant from the comparison stars, and the 
image is distorted on many plates. The elements given 
are not very satisfactory but may be about right. 
Elements especially trustworthy. 



45. Near the centre. A rather difficult object on many 
plates. The period given in the table does not satisfy 
well the measures on the X plates, and has been accepted 
only for the MW and H phites. 

46. A difficult star near the centre. Measured only on the 
MW plates, with one exception. The elements are 
doubtless about right. 

47. A difficult object near the centre. Measured only on 
the MW plates, with a few exceptions. The elements 
are probably about right. 

48. Close and difficult star. Measured on only a few of the 
X and H plates. The elements are probably about right. 

49. The mean magnitude of this star is about three quarters 
of a magnitude brighter than the mean magnitude of all 
the variables. On account of its distance from desirable 
comparison stars, unsatisfactory measures were at first 
obtained and were rejected. As stated on page 199, 
however, a special sequence of three adjacent stars was 
selected for this star, and the results obtained by the use 
of these comparison stars are satisfactory. 

50. The period given in the table has not been extended to 
include the X plates. It satisfies fairly well the observa- 
tions from J. D. 0724 to 11 84, and is probably about 
right. 

51. Rather near the centre and difficult. The elements 
appear to be fairly satisfactory. 

52. Elements especially trustworthy. 

53. The elements appear to be about right. 

54. A rather difficult star. The elements may be somewhat 
in doubt. 

55. A close and difficult star near the centre. The elements 
appear to be trustworthy. 

56. A rather difficult object near the centre. The elements 
appear to be trustworthy. 

57. A rather difficult star. The elements are probably about 
right. 

58. A difficult object near the centre. The measures are 
somewhat discordant even on the MW plates. No 
measures were made on the H plates. The elements 
given may be about right. 

59. Measured only on the MW plates, with one exception. 
The elements should be regarded as somewhat doubtful. 

60. Measured only on the MW plates, with one exception. 
The elements are probably about right. 

61. Measured only on the MW plates, with one exception. 
The elements should be regarded as somewhat doubtful. 

62. Measured only on the MW plates. The elements may 
be regarded as somewhat doubtful. 

63. Measured only on the MW plates. The elements are 
probably about right. 

64. The elements appear to be fairly good. 

65. Not measured on the H plates. The elements may be in 
some doubt. 

66. Elements trustworthy. 



CHAPTER XII 



MISCELLANEOUS RESULTS 

The coordinates of the light oirves of the variables, whose periods were given in 
Table XLV, with the exception of No. 59, will be found in Table XLVI. As in 
former cases, the period of each variable has been divided into twenty-four equal 
parts, and the corresponding magnitudes have been read from the smooth curves 
drawn through all the observations. In most cases, these curves are probably very 
reliable, but in some cases, less so, owing to the difficulties of measurement. The 
peculiarities in all cases, may be learned by reference to the Remarks on page 234 
following the table of elements. In Table XLVI, the first colmnn on each page 
gives the niunber of the points of division. The results for each star are given in 
three coltunns, containing the phase, the corresponding magnitude, and the diflFer- 
ences obtained by subtracting each magnitude from the one following it. 

Mean light curves were derived for the variables in Messier 3 and Messier 5, 
which may be found in the preceding parts of the present voliune. Such mean 
ciurves have not been foimd, however, to diflFer essentially from those of the individ- 
ual stars, and they have not been derived for the variables in Messier 15. To 
illustrate these light curves two examples, Nos. 4 and 14, are given belonging to the 
group having periods between 0*^.30 and 0*^.44, two examples, Nos. 52 and 28, of 
those having periods between 0*^.57 and o*'.76, and the special star. No. i, having a 
period of i*'.437457. These are shown in Figs, i to 5, in which the black circles 
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Fig. I. No. 4. 



Fig. 2. No. 14. 



Fig. 3. No. 52. 
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TABLE XLVI 



LIGHT CURVES 



Part 


Phase 


Magn. 


A 


Phase 


Magn. 


A 


Phase 


MagB. 


A 


Phase 


Mafo. 


A 


Phase 


MagB. 


A 




No. I 


No. 2 


No. 3 


No. 4 


No. 5 




d. 






d. 






d. 






d. 






d. 




1 





0.000 


14.36 


+ .05 


0.000 


15.14 


+ .10 


0.000 


15.34 


+ .03 


0.000 


15.31 


+ .02 


0.000 


15-33 


+ .01 


I 


0.060 


14.41 


+ .11 


0.028 


15.24 


+ .14 


0.016 


15.37 


+ .05 


0.013 


15.33 


+ .02 


0.016 


15-34 


+ .03 


2 


0.120 


14.52 


+ .15 


0.055 


15.38 


+ .14 


0.032 


15.42 


+ .07 


0.026 


15.35 


+ .02 


0.032 


15-37 


+ .05 


3 


0.180 


14.67 


+ .16 


0.083 


15.52 


+ .15 


0.049 


15.49 


+ .07 


0.039 


15.37 


+ .03 


0.048 


15-42 


+ .05 


4 


0.240 


14.83 


+ .14 


O.III 


15.67 


+ .07 


0.065 


15.56 


+ .06 


0.052 


15.40 


+ .04 


0.064 


15-47 


+ .05 


S 


0.300 


14.97 


+ .14 


0.138 


15.74 


+ .07 


0.081 


15.62 


+ .06 


0.065 


15.44 


+ .05 


0.080 


15-52 


+ .05 


6 


0.359 


15. II 


+ .11 


0.166 


15.81 


+ .06 


0.097 


15.68 


+ .07 


0.078 


15.49 


+ .06 


0.096 


15-57 


+ .05 


7 


0.419 


15.22 


+ .07 


0.194 


15.87 


+ .03 


O.II4 


15.75 


+ .07 


0.091 


15.55 


+ .08 


O.II2 


15.62 


+ .05 


8 


0.479 


15.29 


+ .07 


0.221 


15.90 


+ .01 


0.130 


15.82 


+ .05 


0.104 


15.63 


+ .06 


0.128 


15-67 


+ .05 


9 


0-S39 


15.36 


+ .05 


0.249 


15.91 


+ .01 


0.146 


15.87 


+ .05 


O.I18 


15.69 


+ .09 


0.144 


15-73 


+ .06 


10 


0-599 


15.41 


+ .02 


0.276 


15.92 


+ .01 


0.162 


15.92 


+ .05 


O.I3I 


15.78 


+ .11 


0.160 


15-78 


+ .05 


II 


0.659 


15.43 


+ .02 


0.304 


15.93 


+ .01 


0.178 


15.97 


+ .02 


0.144 


15.89 


+ .09 


0.176 


15-83 


+ .05 


12 


0.719 


15.45 


+ .03 


0.332 


15.94 


+ .01 


0.195 


15.99 


+ .01 


0.157 


15.98 


+ .05 


0.192 


1588 


+ .04 


13 


0.779 


15.48 


+ .02 


0.359 


15.95 


.00 


0.2II 


16.00 


+ .01 


0.170 


16.03 


+ .04 


0.208 


15-92 


+ .04 


14 


0.839 


15.50 


+ .02 


0.387 


15.95 


.00 


0.227 


16.01 


+ .01 


0.183 


16.07 


+ .01 


0.224 


15.96 


+ .02 


IS 


0.898 


15.52 


+ .01 


0.415 


15.95 


.00 


0.243 


16.02 


+ .01 


0.196 


16.08 


— .02 


0.240 


15.98 


+ .01 


16 


0.958 


15.53 


-.03 


0.442 


15.95 


.00 


0.260 


16.03 


— .01 


0.209 


16.06 


— .06 


0.256 


15-99 


+ .01 


17 


1.018 


15.50 


-.14 


0.470 


15.95 


.00 


0.276 


16.02 


-.15 


0.222 


16.00 


-.07 


0.272 


16.00 


-.03 


18 


1.078 


15.36 


— .20 


0.498 


15.95 


— .01 


0.292 


15.87 


-.27 


0.235 


15.93 


— .10 


0.288 


15-97 


-.07 


19 


1.138 


15-16 


-.24 


0.525 


15.94 


.00 


0.308 


15.60 


-.14 


0.248 


15.83 


-.19 


0.304 


15.90 


— .11 


20 


1. 198 


14.92 


-.27 


0.553 


15.94 


— .01 


0.324 


15.46 


— .04 


0.261 


15.64 


-.14 


0.320 


15-79 


— .24 


21 


1.258 


14.65 


-.17 


0.581 


15.93 


-.43 


0.341 


15.42 


— .04 


0.274 


15.50 


-.13 


0.337 


1555 


-.13 


22 


1.318 


14.48 


— .09 


0.608 


15.50 


-.33 


0.357 


15.38 


— .02 


0.287 


15.37 


-OS 


0.353 


15-42 


-.07 


23 


1.378 


14.39 


-.03 


0.636 


15.17 


-.03 


0.373 


15.36 


— 0.2 


0.30015.32 


— .01 


0.369 


15-35 


— .02 




No. 6 


No. 7 


No. 8 


No. 9 


No. 10 




d. 






d. 






d. 






d. 






d. 









0.000 


15.20 


+ .02 


0.000 


15.56 


+ .01 


0.000 


15.22 


+ .02 


0.000 


15.12 


+ .04 


0.000 


15-50 


+ .01 


I 


0.028 


15.22 


+ .07 


0.015 


15.57 


+ .02 


0.027 


15.24 


+ .09 


0.030 


15.16 


+.10 


0.017 


15-51 


+ .02 


2 


0.056 


15.29 


+ .11 


0.029 


15.59 


+ .04 


0.054 


15.33 


+ .10 


0.060 


15.26 


+ .11 


0.033 


15-53 


+ .05 


3 


0.083 


15.40 


+ .14 


0.044 


15.63 


+ .05 


0.081 


15.43 


+ .10 


0.089 


15.37 


+ .10 


0.050 


15-58 


+ .06 


4 


O.III 


15.54 


+ .11 


0.058 


15.68 


+ .07 


0.108 


15.53 


+ .10 


0.1 19 


15.47 


+ .08 


0.066 


15-64 


+ .06 


5 


0.139 


15.65 


+ .10 


0.073 


15.75 


+ .07 


0.135 


15.63 


+ .08 


0.149 


15.55 


+ .09 


0.083 


15-70 


+ .04 


6 


0.166 


15.75 


+ .10 


0.087 


15.82 


+ .07 


0.162 


15.71 


+ .07 


0.179 


15.64 


+.08 


O.IOO 


15-74 


+ .05 


7 


0.194 


15.85 


+ .08 


0.102 


15.89 


+ .05 


0.188 


15.78 


+ .08 


0.209 


15.72 


+ .05 


O.I 16 


15-79 


+ .04 


8 


0.222 


15.93 


+ .06 


0.116 


15.94 


+ .06 


0.215 


15.86 


+ .07 


0.238 


15.77 


+ .06 


0.133 


15-83 


+ .04 


9 


0.250 


15.99 


+ .05 


0.131 


16.00 


+ .04 


0.242 


15.93 


+ .06 


0.268 


15.83 


+ .04 


0.149 


15-87 


+ .04 
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Put 


Phaie 


Magn. 


A 


Phaae 


Magn. 


A 


Phaae 


MagB. 


A 


Phaae 




A 


Phaae 


ICagn. 


A 




No. 6 


No. 7 


No. 8 


No. 9 


No. 10 




d. 






d. 






d. 






d. 






d. 






lO 


0.278 


16.04 


+ .05 


0.145 


16.04 


+ .04 


0.269 


15.99 


+ .03 


0.298 


15.87 


+ .03 


0.166 


15.91 


+ .04 


II 


0.30s 


i6.09 


+ .03 


0.160 


16.08 


+ .04 


0.296 


16.02 


+ .02 


0.328 


15.90 


+ .02 


0.183 


15.95 


+ .03 


12 


0.333 


16.12 


+ .02 


0.174 


16.12 


+ .01 


0.323 


16.04 


+ .03 


0.358 


15.92 


+ .01 


0.199 


15.98 


+ .02 


13 


0.361 


16.14 


+ .02 


0.189 


16.13 


+ .01 


0.350 


16.07 


+ .02 


0.387 


15.93 


+ .01 


0.216 


16.00 


+ .01 


14 


0.388 


16.16 


+ .04 


0.203 


16.14 


+ .01 


0.377 


16.09 


+ .01 


0.417 


15.94 


+ .01 


0.232 


16.01 


+ .01 


15 


0.416 


16.20 


+ .03 


0.218 


16.15 


+ .01 


0.404 


16.10 


+ .01 


0.447 


15.95 


+ .01 


0.249 


16.02 


+ .01 


16 


0.444 


16.23 


+ .02 


0.232 


16.16 


-.01 


0.431 


16.II 


+ .01 


0.477 


15.96 


+ .01 


0.266 


16.03 


.00 


17 


0.472 


16.25 


+ .01 


0.247 


16.15 


— .02 


0.458 


16.12 


+ .01 


0.507 


15.97 


+ .01 


0.282 


16.03 


-.05 


18 


0.500 


16.26 


+ .01 


0.262 


16.13 


— .09 


0.485 


16.13 


.00 


0.536 


15.98 


.00 


0.299 


15.98 


-.08 


19 


0.527 


16.27 


+ .01 


0.276 


16.04 


-.19 


O.51I 


16.13 


+ .01 


0.566 


15.98 


— .06 


0.315 


15.90 


-.16 


20 


o.SSS 


16.28 


+ .01 


0.290 


15.85 


-.15 


0.538 


16.14 


-05 


0.596 


15.92 


-.19 


0.332 


15.74 


— .09 


21 


0.583 


16.29 


-.19 


0.305 


15.70 


— .09 


0.565 


16.09 


-.29 


0.626 


15.73 


— .40 


0.348 


15.65 


— .06 


22 


0.610 


16.10 


-.70 


0.320 


15.61 


— .04 


0.592 


15.80 


-.42 


0.656 


15.33 


-.16 


0.365 


15.59 


-.05 


23 


0.638 


15.40 


— .20 


0.334 


15.57 


— .01 


0.619 


15.38 


-.16 


0.685 


15.17 


-.05 


0.381 


15.54 


— .04 




No. II 


No. 12 


No. 13 


No. 14 


No. 15 




d. 






d. 






d. 






d. 






d. 









0.000 


15.28 


.00 


0.000 


15.22 


+ .02 


0.000 


15.12 


+ .05 


0.000 


15.44 


.00 


0.000 


15.22 


+ .01 


I 


0.014 


15.28 


+ .03 


0.025 


15.24 


+ .06 


0.024 


15.17 


+ .11 


0.016 


15.44 


+ .01 


0.024 


15.23 


+ .03 


2 


0.029 


15-31 


+ .04 


0.049 


15.30 


+ .09 


0.048 


15.28 


+ .12 


0.032 


15.45 


+ .01 


0.049 


15.26 


+ .05 


3 


0.043 


15.3s 


+ .08 


0.074 


15.39 


+ .11 


0.072 


15.40 


+ .12 


0.048 


15.46 


+ .01 


0.073 


15.31 


+ .06 


4 


0.057 


15.43 


+ .11 


0.099 


15.50 


+ .13 


0.096 


15.52 


+ .11 


0.064 


15.47 


+ .03 


0.097 


15.37 


+ .09 


5 


0.072 


15.54 


+ .09 


0.124 


15.63 


+ .10 


0.120 


15.63 


+ .11 


0.080 


15.50 


+ .04 


0.122 


15.46 


+ .08 


6 


0.086 


15.63 


+ .09 


0.148 


15.73 


+ .07 


0.144 


15.74 


+ .09 


0.095 


15.54 


+ .06 


0.146 


15.54 


+ .10 


7 


O.IOO 


15.72 


+ .08 


0.173 


15.80 


+ .08 


0.168 


15.83 


+ .08 


O.III 


15.60 


+ .06 


0.170 


15.64 


+ .10 


8 


0.II4 


15.80 


+ .05 


0.198 


15.88 


+ .08 


0.192 


15.91 


+ .07 


0.127 


15.66 


+ .09 


0.195 


15.74 


+ .12 


9 


0.129 


15.85 


+ .06 


0.222 


15.96 


+ .05 


0.216 


15.98 


+ .05 


0.143 


15.75 


+ .08 


0.219 


15.86 


+ .10 


10 


0.143 


15.91 


+ .05 


0.247 


16.01 


+ .03 


b.240 


16.03 


+ .05 


0.159 


15.83 


+ .09 


0.243 


15.96 


+ .07 


II 


0.157 


15.96 


+ .05 


0.272 


16.04 


+ .04 


0.264 


16.08 


+ .01 


0.175 


15.92 


+ .06 


0.268 


16.03 


+ .05 


12 


0.172 


16.01 


+ .02 


0.296 


16.08 


+ .03 


0.288 


16.09 


+ .02 


0.I9I 


15.98 


+ .01 


0.292 


16.08 


+ .02 


13 


0.186 


16.03 


+ .01 


0.321 


16.II 


+ .01 


0.312 


16.II 


+ .02 


0.207 


15.99 


+ .01 


0.316 


16.10 


+ .02 


14 


0.200 


16.04 


+ .01 


0.346 


16.12 


+ .01 


0.335 


16.13 


+ .02 


0.223 


16.00 


+ .01 


0.341 


16.12 


+ .01 


IS 


0.214 


16.05 


+ .01 


0.370 


16.13 


.00 


0.359 


16.15 


+ .02 


0.238 


16.01 


.00 


0.365 


16.13 


+ .01 


16 


0.229 


16.06 


+ .01 


0.39s 


16.13 


— .01 


0.383 


16.17 


+ .02 


0.254 


16.01 


— .01 


0.389 


16.14 


+ .01 


17 


0.243 


16.07 


— .01 


0.420 


16.12 


— .01 


0.407 


16.19 


+ .01 


0.270 


16.00 


— .02 


0.414 


16.15 


+ .01 


18 


0.257 


16.06 


— .02 


0.445 


16.II 


— .01 


0.431 


16.20 


.00 


0.286 


15.98 


— .12 


0.438 


16.16 


— .01 


19 


0.272 


16.04 


— .06 


0.469 


16.10 


-.03 


0.455 


16.20 


— .01 


0.302 


15.86 


-.14 


0.462 


16.15 


-.05 


20 


0.286 


15.98 


-.18 


0.494 


16.07 


-.27 


0.479 


16.19 


— .04 


0.318 


15.72 


-.14 


0.487 


16.10 


-•37 


21 


0.300 


15.80 


-.35 


0.519 


15.80 


-.48 


0.503 


16.15 


— .40 


0.334 


15.58 


-.08 


O.51I 


15.73 


-.37 


22 


0.3IS 


15.45 


— .12 


0.543 


15.32 


-.08 


0.527 


15.75 


-.57 


0.350 


15.50 


— .04 


0.535 


15.36 


-•13 


23 


0.329 


15.33 


-.05 


0.568 


15.24 


— .02 


0.551 


15.18 


— .06 


0.366 


15.46 


— .02 


0.560 


15.23 


— .01 



VASIABLB STAKS IN THE CLUSTE» MESSIER 1 5 



339 



Part 


Phaie 


Magn. 


A 


Pbue 


Magn. 


A 


Phase 


Mafo. 


A 


Phaie 


MagB. 


A 


Phaie 


MagB. 


A 




No. 16 


No. 17 


No. 18 


No. 19 


No. 20 




<2. 






d. 






d. 






d. 






d. 









O.CXX5 


15-50 


+ .02 


0.000 


15.40 


+ .04 


0.000 


15-50 


+ .02 


0.000 


14.85 


+ .04 


0.000 


15.29 


+ .06 


I 


0.029 


15-52 


+ .07 


0.028 


15-44 


+ .06 


0.016 


15-52 


+ .05 


0.024 


14.89 


+ .08 


0.029 


15.35 


+ .08 


2 


0.058 


15-59 


+ .06 


0.056 


15-50 


+ .07 


0.032 


15-57 


+ .06 


0.048 


14.97 


+ .16 


0.058 


15.43 


+ .08 


3 


0.087 


15-65 


+ .05 


0.084 


15-57 


+ .10 


0.047 


15-63 


+ .07 


0.072 


15.13 


+ .17 


0.088 


15.51 


+ .08 


4 


O.II6 


15-70 


+ .04 


O.II2 


15-67 


+ .06 


0.063 


15-70 


+ .06 


0.095 


15.30 


+ .19 


O.II7 


15.59 


+ .08 


5 


0.145 


15-74 


+ .03 


0.140 


15-73 


+ .05 


0.079 


15-76 


+ .06 


0.II9 


15-49 


+ .13 


0.146 


15.67 


+ .06 


6 


0.174 


15-77 


+ .02 


0.167 


15-78 


+ .03 


0.095 


15-82 


+ .06 


0.143 


15-62 


+ .11 


0.175 


15.73 


+ .08 


7 


0.203 


15-79 


+ .02 


0.195 


15-81 


+ .02 


O.IIO 


15-88 


+ .05 


0.167 


15-73 


+ .10 


0.204 


15.81 


+ .07 


8 


0.232 


15-81 


+ .02 


0.223 


15-83 


+ .02 


0.126 


1593 


+ .03 


O.191 


15-83 


+ .10 


0.234 


15.88 


+ .06 


9 


0.260 


15-83 


+ .02 


0.251 


15-85 


+ .02 


0.142 


15.96 


+ .01 


0.215 


15-93 


+ .08 


0.263 


15.94 


+ .06 


10 


0.289 


15-85 


+ .02 


0.279 


15-87 


+ .01 


0.158 


15-97 


+ .01 


0.238 


16.01 


+ .05 


0.292 


16.00 


+ .03 


II 


0.318 


15-87 


+ .02 


0.307 


15-88 


+ .01 


0.173 


15.98 


+ .01 


0.262 


16.06 


+ .02 


0.321 


16.03 


+ .04 


12 


0.347 


15.89 


+ .02 


0.335 


15.89 


+ .01 


0.189 


15-99 


+ .01 


0.286 


16.08 


+ .01 


0.350 


16.07 


+ .02 


13 


0.376 


15-91 


+ .01 


0.363 


15.90 


.00 


0.205 


16.00 


.00 


0.310 


16.09 


+ .01 


0.379 


16.09 


+ .02 


14 


0.405 


15-92 


+ .01 


0.391 


15.90 


.00 


0.221 


16.00 


.00 


0.334 


16.10 


.00 


0.409 


16.II 


+ .01 


IS 


0.434 


15-93 


+ .01 


0.418 


15.90 


.00 


0.236 


16.00 


.00 


0.358 


16.10 


.00 


0.438 


16.12 


+ .01 


16 


0.463 


15-94 


+ .01 


0.446 


15.90 


.00 


0.252 


16.00 


— .01 


0.381 


16.10 


.00 


0.467 


16.13 


+ .02 


17 


0.492 


15-95 


+ .01 


0.474 


15.90 


.00 


0.268 


15-99 


-.08 


0.405 


16.10 


.00 


0.496 


16.15 


+ .01 


18 


0.521 


15.96 


+ .01 


0.502 


15-90 


— .01 


0.284 


15-91 


— .12 


0.429 


16.10 


.00 


0.525 


16.16 


+ .01 


19 


0.550 


15-97 


.00 


0.530 


15.89 


— .01 


0.299 


15-79 


— .11 


0.453 


16.10 


— .01 


0.555 


16.17 


— .04 


20 


0.579 


15-97 


— .04 


0.558 


15-88 


— .04 


0.315 


15-68 


— .10 


0.477 


16.09 


-.05 


0.584 


16.13 


— .09 


21 


0.608 


15-93 


-.18 


0.586 


15.84 


-.24 


0.331 


15.58 


— .06 


0.501 


16.04 


-.44 


0.613 


16.04 


-.44 


22 


0.637 


15-75 


— .21 


0.614 


15-60 


-.18 


0.347 


15.52 


— .02 


0.524 


15-60 


-.63 


0.642 


15.60 


-.31 


23 


0.666 


15-54 


— .04 


0.642 


15-42 


— .02 


0.362 


15-50 


.00 


0.548 


14.97 


— .12 


0.671 


15.29 


.00 




No. 21 


No. 22 


No. 23 


No. 24 


No. 25 




d. 






d. 






d. 






d. 






d. 









0.000 


15-25 


+ .06 


0.000 


15.20 


+ .04 


0.000 


15." 


-.04 


0.000 


15-42 


+ .02 


0.000 


15.10 


+ .09 


I 


0.026 


15-31 


+ .06 


0.030 


15-24 


+ .08 


0.026 


15-07 


+ .06 


0.015 


15.44 


+ .02 


0.028 


15.19 


+ .10 


2 


0.052 


15-37 


+ .09 


0.060 


15-32 


+ .08 


0.053 


15-13 


+ .11 


0.031 


15.46 


+ .02 


0.055 


15.29 


+ .11 


3 


0.078 


15.46 


+ .10 


0.090 


15.40 


+ .07 


0.079 


15.24 


+ .12 


0.046 


15.48 


+ .03 


0.083 


15.40 


+ .11 


4 


0.104 


15-56 


+ .08 


0.120 


15-47 


+ .07 


0.105 


15-36 


+ .09 


0.062 


15.51 


+ .05 


O.IIO 


15.51 


+ .11 


S 


0.130 


15-64 


+ .09 


0.150 


15-54 


+ .06 


0.132 


15-45 


+ .09 


0.077 


15.56 


+ .06 


0.139 


15.62 


+ .11 


6 


0.156 


15-73 


+ .09 


0.180 


15-60 


+ •05 


0.158 


15-54 


+ .07 


0.092 


15.62 


+ .06 


0.166 


15.73 


+ .08 


7 


0.182 


15.82 


+ .08 


0.210 


15-65 


+ -05 


0.185 


15.61 


+ .07 


0.108 


15.68 


+ .06 


0.194 


15.81 


+ .08 


8 


0.208 


15.90 


+ .08 


0.241 


15-70 


+ .04 


0.211 


15-68 


+ .06 


0.123 


15.74 


+ .08 


0.222 


15.89 


+ .05 


9 


0.234 


15.98 


+ .06 


0.271 


15-74 


+ .04 


0.237 


15.74 


+ .06 


0.139 


15.82 


+ .10 


0.249 


15.94 


+ .04 


10 


0.260 


16.04 


+ .05 


0.301 


1578 


+ .03 


0.264 


15-80 


+ .06 


0.154 


15.92 


+ .08 


0.277 


15.98 


+ .01 


II 


0.286 


16.09 


+ .04 


0.331 


15-81 


+ .03 


0.290 


15-86 


+ .05 


0.169 


16.00 


+ .05 


0.305 


15.99 


+ .01 
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Pftrt 



PhMe 



MagB. 



Phaie 



Magn. 



PhMe 



Magn. 



Phaie 



Blagn. 



Phaie 



Maga. 



No. 21 



No. 22 



No. 23 



No. 24 



No. 25 



12 

13 
14 

IS 
16 

17 
18 

19 
20 

21 

22 

23 



o 

I 
2 

3 

4 

S 
6 

7 
8 

9 
10 

II 

12 

13 
14 

15 
16 

17 
18 

19 

20 

21 
22 

23 



d. 
0.312 

0.338 
0.364 

0.390 

0.416 

0.443 
0.469 

0.49s 
0.521 

O.S47 
O.S73 
O.S99 



16.13 
16.16 
16.19 
16.20 
16.20 
16.20 
16.17 
16.08 

IS-90 
iS-So 

IS-3I 
iS-26 



+.03 

+.03 

+ .01 

.00 

.00 

-•03 

— .09 

-.18 

— .40 
-.19 

-.OS 

— .01 



No. 26 



d, 
0.000 

0.017 

0.034 

0.050 

0.067 

0.084 

O.IOI 

0.II7 

0.134 
0.I5I 
0.168 

0.184 
0.201 
0.218 

0.235 

0.251 
0.268 

0.285 
0.302 

0.318 

0.33 s 
0.352 

0.369 

0.38s 



14.33 
14.34 
14.36 

14.40 

14.4s 
14.51 
14.58 

14.64 

14.70 
14.74 

14.80 

14.87 
14.91 
14.94 

14.96 

14.97 

14.97 
14.94 

14.87 
14.75 

14.60 
14.46 

14.36 
14.33 



+.01 
+ .02 
+.04 
+.05 
+.06 

+.07 

+.06 
+.06 

+.04 

+.06 

+.07 
+.04 
+ .03 

+ .02 

+ .01 

.00 

-.03 
-.07 

— .12 

-.15 
-.14 

— .10 

-.03 
.00 



d. 
0.361 

0.391 

0.421 

0.451 
0.481 

O.5II 
0.541 

0.571 
0.601 

0.631 

0.662 

0.692 



15.84 
15.88 

15.92 
15.96 

15.98 

16.01 

16.02 

16.03 

16.04 

15.93 

15.43 
15.18 



+ .04 
+ .04 
+ .04 
+ .02 
+ .03 
+ .01 
+ .01 
+ .01 
— .II 
-.50 

-.25 
+ .02 



d. 
0.316 

0.343 
0.369 

0.395 
0.422 

0.448 

0.474 

0.501 

0.527 

0.554 
0.580 

0.606 



15.91 
15.94 
15.95 
15.95 
15.95 

1595 
15.95 
15.95 
15.94 

15.93 
15.36 

15.17 



No. 28 



d, 
0.000 

0.028 

0.056 

0.084 

O.II2 

0.140 

0.168 

0.196 

0.224 

0.251 

0.279 

0.307 

0.335 

0.363 
0.391 

0.419 

0.447 

0.475 

0.503 

0.531 

0.559 
0.587 

0.615 

0.643 



15.19 

15.24 

15.33 

15.43 

15.53 

15.64 

15.74 

15.83 
15.89 

15.93 

15.97 
16.00 

16.04 

16.07 

16.09 

16.10 

16.II 

16.12 

16.13 

16.14 

16.15 

16.14 

15.62 

15.26 



+ .05 
+ .09 
+ .10 
+ .10 

+ .11 
+ .10 
+ .09 
+ .06 
+ .04 
+ .04 
+ .03 
+ .04 
+ .03 
+ .02 
+ .01 
+ .01 
+ .01 
+ .01 
+ .01 
+ .01 
— .01 

-.52 
-.36 
-.07 



+ .03 

+ .01 

.00 
.00 
.00 
.00 
.00 

— .01 

— .01 

-.57 
-.19 

— .06 



No. 29 



d, 
0.000 

0.024 

0.048 

0.072 

0.096 

0.120 

0.144 

0.167 

O.191 

0.215 

0.239 

0.263 

0.287 

0.3 1 1 

0.335 

0.359 

0.383 
0.407 

0.431 

0.454 
0.478 

0.502 

0.526 

0.550 



15.13 
15.18 

15.23 
15.30 
15.40 

15.51 
15.62 

15.72 
15.82 

15.91 
15.96 

16.00 

16.03 

16.04 

16.05 

16.06 

16.06 

16.06 

16.05 

16.04 

16.03 

15.83 
15.22 

15.13 



+ .05 
+ .05 
+ .07 
+ .10 
+ .11 
+ .11 
+ .10 
+ .10 
+ .09 

+ .05 
+ .04 

+ .03 

+ .01 

+ .01 

+ .01 

.00 

.00 

— .01 

— .01 

— .01 

— .20 
-.61 

— .09 
.00 



d. 
0.185 

0.200 

0.216 

0.231 

0.246 

0.262 

0.277 

0.293 

0.308 

0.323 
0.339 
0.354 



16.05 
16.II 
16.17 
16.18 
16.17 
16.13 
16.09 

15.97 
15.68 

15.53 
15.46 

15.43 



+ .06 
+ .06 
+ .01 

— .01 

— .04 

— .04 

— .12 
-.29 

-.15 

-.07 

-.03 

— .01 



No. 30 



d, 
0.000 

0.017 

0.034 

0.051 

0.068 

0.085 

0.102 

0.118 

0.135 
0.152 

0.169 

0.186 

0.203 

0.220 

0.237 

0.254 

0.271 

0.288 

0.305 
0.321 

0.338 

0.355 
0.372 

0.389 



15.42 

15.43 
15.44 
15.48 

15.54 

15.61 

15.67 

15.72 

15.79 
15.86 

15.91 

15.94 

15.97 

15.99 
16.00 

16.00 

15.99 
15.97 
15.85 
15.65 
15.53 
15.45 
15.43 
15.42 



+ .01 
+.01 
+ .04 
+ .06 
+ .07 
+ .06 
+ .05 
+ .07 
+ .07 
+ .05 
+ .03 
+.03 
+ .02 
+ .01 
.00 

— .01 

— .02 

— .12 

— .20 

— .12 
-.08 

— .02 

— .01 
.00 



0.333 
0.360 

0.388 

0.416 

0.444 

0.471 

0.499 
0.527 

0.554 
0.582 

0.610 

0.638 



16.00 
16.00 
16.00 
16.00 
16.00 
16.00 
16.00 
16.00 
16.00 

15.85 

15.43 
15-16 



.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

-.15 
-.42 

-.27 

— .06 



No. 31 



d. 
0.000 

0.018 

0.036 

0.054 

0.073 

0.091 

0.109 

0.127 

0.145 
0.163 

0.182 

0.200 

0.218 

0.236 

0.254 

0.272 

0.290 

0.309 

0.327 

0.345 

0.363 
0.381 

0.399 
0.417 



15.30 
15.33 
15.37 
15.42 
15.48 

15.53 
15.58 

15.63 
15.68 

15.73 
15-79 
15.86 

15.92 

15.99 
16.04 

16.07 

16.06 

16.01 

16.91 

16.77 

16.62 

16.45 

16.34 

16.30 



+ .03 
+ .04 
+ .05 
+.06 
+ •05 
+ .05 
+.05 
+ .05 
+ .05 
+ .06 
+ .07 
+ .06 
+ .07 
+ .05 
+ .03 

— .01 

-.05 

— .10 

-.14 

-.15 
-.17 

— .11 

— .04 
.00 
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Part 


Pbue 


Mafo. 


A 


Phaie 


Mafo. 


A 


Phaie 


Magn. 


A 


Phaie 


Magn. 


A 


Phase 


Magn. 


A 




No. 32 


No. 35 


No. 36 


No. 38 


No. 39 




a. 






d. 






d. 






d. 






d. 









0.000 


15-14 


+ .06 


0.000 


15-41 


+ .02 


0.000 


15.20 


+ .09 


0.000 


15-29 


+ .02 


0.000 


15.34 


+ .02 


I 


0.02s 


15.20 


+ .11 


0.016 


15-43 


+ .02 


0.026 


15-29 


+ .11 


0.016 


15-31 


+ .03 


0.016 


15.36 


+ .04 


2 


0.050 


15-31 


+ .10 


0.032 


15-45 


+ .04 


0.052 


15.40 


+ .10 


0.031 


15-34 


+ .04 


0.032 


15.40 


+ .05 


3 


0.076 


15-41 


+ .10 


0.048 


15-49 


+ .05 


0.078 


15-50 


+ .10 


0.047 


15.38 


+ .07 


0.049 


15-45 


+ .06 


4 


O.IOI 


15-51 


+ .07 


0.064 


15-54 


+ .06 


0.104 


15.60 


+ .09 


0.062 


15.45 


+ .07 


0.065 


15-51 


+ .05 


S 


0.126 


15-58 


+ .08 


0.080 


15.60 


+ .05 


0.130 


15.69 


+ .09 


0.078 


15.52 


+ .08 


0.081 


15-56 


+ .05 


6 


0.151 


15.66 


+ .08 


0.096 


15-65 


+ .06 


0.156 


15.78 


+ .10 


0.094 


15.60 


+ .08 


0.098 


15-61 


+ .05 


7 


0.177 


15.74 


+ .06 


O.II2 


15-71 


+ .07 


0.182 


15.88 


+ .07 


0.109 


15-68 


+ .09 


O.II4 


15.66 


+ .05 


8 


0.202 


15-80 


+ .03 


0.128 


15-78 


+ .09 


0.208 


15-95 


+ .07 


0.125 


15-77 


+ .12 


0.130 


15-71 


+ .05 


9 


0.227 


15-83 


+ .02 


0.144 


15.87 


+ .06 


0.234 


16.02 


+ .06 


O.14I 


15.89 


+ .08 


0.146 


15-76 


+ .07 


10 


0.252 


15-85 


+ .03 


0.160 


15.93 


+ .06 


0.260 


16.08 


+ .05 


0.156 


15-97 


+ .08 


0.162 


15-83 


+ .08 


II 


0.278 


15-88 


+ .03 


0.176 


15.99 


+ .05 


0.286 


16.13 


+ -05 


0.172 


16.05 


+ .04 


0.179 


15-91 


+ .08 


12 


0-303 


15-91 


+ .02 


0.192 


16.04 


+ .03 


0.312 


16.18 


+ .02 


0.188 


16.09 


+ -03 


0.195 


15-99 


+ .06 


13 


0.328 


15-93 


+ .01 


0.208 


16.07 


+ .03 


0.338 


16.20 


+ .02 


0.203 


16.12 


+ .01 


0.2II 


16.05 


+ .04 


14 


0.3S3 


15-94 


.00 


0.224 


16.10 


+ .01 


0.364 


16.22 


+ .01 


0.219 


16.13 


+ .02 


0.228 


16.09 


+ .04 


15 


0.378 


15-94 


+ .01 


0.240 


16.II 


--03 


0.390 


16.23 


+ .01 


0.235 


16.15 


+ .01 


0.244 


16.13 


+ .01 


16 


0.404 


15-95 


+ .01 


0.256 


16.08 


-.18 


0.416 


16.24 


+ .01 


0.250 


16.16 


— .02 


0.260 


16.14 


.00 


17 


0.429 


15.96 


+ .01 


0.272 


15.90 


-.27 


0.442 


16.25 


.00 


0.266 


16.14 


-.07 


0.276 


16.14 


-.03 


18 


0.4S4 


15-97 


+ .01 


0.288 


15-63 


— .11 


0.468 


16.25 


+ .01 


0.282 


16.07 


-.24 


0.292 


16.II 


-.14 


19 


0.479 


15.98 


.00 


0.304 


15-52 


— .06 


0.494 


16.26 


.00 


0.297 


15-83 


-.19 


0.309 


15-97 


— .22 


20 


0.505 


15.98 


-.08 


0.320 


15-46 


--03 


0.520 


16.26 


-•31 


0.313 


15.64 


-.17 


0.325 


15-75 


-.18 


21 


0.530 


15.90 


--37 


0.336 


15-43 


— .02 


0.546 


15-95 


--53 


0.328 


15-47 


— .10 


0.341 


15-57 


-.14 


22 


0.55s 


15-53 


-•34 


0.352 


15-41 


— .01 


0.572 


15-42 


— .22 


0.344 


15-37 


— .06 


0.358 


15-43 


-.07 


23 


0.580 


15-19 


-•05 


0.368 


15-40 


+ .01 


0.598 


15.20 


.00 


0.360 


15-31 


— .02 


0.374 


15-36 


— .02 




No. 40 


No. 42 


No. 43 


No. 44 


No. 45 




d. 






d. 






d. 






d. 






d. 









0.000 


15-34 


+ .01 


0.000 


15-34 


.00 


0.000 


15-25 


+ .01 


0.000 


15.20 


+ .09 


0.000 


15-19 


+ .06 


I 


0.016 


15-35 


+ .02 


0.015 


15-34 


+ .04 


0.017 


15.26 


+ .03 


0.025 


15.29 


+ .10 


0.028 


15-25 


+ .13 


2 


0.031 


15-37 


+ .02 


0.030 


15-38 


+ .08 


0.034 


15-29 


+ .04 


0.050 


15-39 


+ .11 


0.055 


15-38 


+ .15 


3 


0.047 


15-39 


+ .03 


0.045 


15.46 


+ .10 


0.051 


15-33 


+ .04 


0.074 


15-50 


+ .09 


0.083 


15-53 


+ .14 


4 


0.063 


15-42 


+ .05 


0.060 


15-56 


+ .09 


0.068 


15-37 


+ -05 


0.099 


15-59 


+ .09 


O.IIO 


15-67 


+ .12 


5 


0.079 


15-47 


+ -05 


0.075 


15.65 


+ .09 


0.085 


15-42 


+ .07 


0.124 


15.68 


+ .07 


0.138 


15.79 


+ .08 


6 


0.094 


15-52 


+ .06 


0.090 


15-74 


+ .06 


0.102 


15-49 


+ .09 


0.149 


15.75 


+ .09 


0.166 


15.87 


+ .06 


7 


0.1 10 


15-58 


+ .09 


0.105 


15-80 


+ .07 


O.II9 


15-58 


+ .10 


0.174 


15.84 


+ .07 


0.193 


15.93 


+ .06 


8 


0.126 


15-^7 


+ .07 


0.120 


15.87 


+ .05 


0.136 


15-68 


+ .09 


0.199 


15.91 


+ .06 


0.221 


15.99 


+ .03 


9 


0.141 


15-74 


+ .07 


0.135 


15-92 


+ .04 


0.153 


15-77 


+ .04 


0.223 


15.97 


+ .03 


0.248 


16.02 


+ .04 


10 


0.157 


15.81 


+ .06 


0.150 


15.96 


+ .05 


0.170 


15-81 


+ .03 


0.248 


16.00 


+ .03 


0.276 


16.06 


+ .03 


II 


0.173 


15-87 


+ .05 


0.165 


16.01 


+ .04 


0.186 


15-84 


+ .02 


0.273 


16.03 


+ .03 


0.304 


16.09 


+ .02 
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Put 


Phase 


Magn. 


A 


Phate 


Magn. 


A 


Phase 


Magn. 


A 


Phase 


MagB. 


A 


Phase 


Kagn. 


A 




No. 40 


No. 42 


No. 43 


No. 44 


No. 45 




<f. 






d. 






d. 






d. 






d. 






12 


0.189 


iS-92 


+ .03 


0.180 


16.05 


+ .02 


0.203 


1586 


+ .01 


0.298 


16.06 


+ .01 


0.331 


16.II 


+ .01 


13 


0.204 


IS-9S 


+ .02 


0.195 


16.07 


.00 


0.220 


15-87 


+ .01 


0.323 


16.07 


+ .01 


0.3S9 


16.12 


+ .01 


14 


0.220 


iS-97 


+ .01 


0.210 


16.07 


.00 


0.237 


IS -88 


.00 


0.347 


16.08 


+ .01 


0.386 


16.13 


+ .01 


IS 


0.236 


15.98 


+ .01 


0.225 


16.07 


— .01 


0.254 


IS -88 


.00 


0.372 


16.09 


+ .01 


0.414 


16.14 


.00 


i6 


0.252 


iS-99 


+ .01 


0.240 


16.06 


-.03 


0.271 


IS -88 


.00 


0.397 


16.10 


+ .01 


0.442 


16.14 


.00 


17 


0.267 


16.00 


.00 


0.255 


16.03 


-OS 


0.288 


IS -88 


— .01 


0.422 


16.II 


.00 


0.469 


16.14 


.00 


i8 


0.283 


16.00 


— .01 


0.270 


15.98 


— .11 


0.305 


15-87 


-.07 


0.447 


16.II 


.00 


0.497 


16.14 


.00 


19 


0.299 


iS-99 


-.03 


0.285 


lS-87 


--IS 


0.322 


15.80 


-.08 


0.472 


16.II 


.00 


0.524 


16.14 


— .01 


20 


0.314 


15.96 


-.08 


0.300 


iS-72 


-•IS 


0.339 


15-72 


-.18 


0.496 


16.II 


-.03 


0.5S2 


16.13 


— .02 


21 


0.330 


15-88 


— .28 


0.3 IS 


IS-S7 


— .09 


0.3S6 


15-54 


-.24 


0.521 


16.08 


-.18 


0.580 


16.II 


-.18 


22 


0.346 


15.60 


— .22 


0.330 


15.48 


-.08 


0.373 


15-30 


--05 


0.546 


15.90 


-.62 


0.607 


IS-93 


-.S8 


23 


0.362 


1S.38 


— .04 


0.345 


15.40 


— .06 


0.390 


15-25 


.00 


0.571 


15-28 


-.08 


0.63s 


IS-3S 


-.16 




No. 46 


No. 47 


No. 48 


No. 49 


No. 50 




d. 






d. 






d. 






d. 






d. 






O 


0.000 


iS-42 


+ .08 


0.000 


iS-33 


+ .04 


0.000 


15-35 


+ .03 


0.000 


14.7s 


+ .01 


0.000 


IS-3S 


+ .01 


I 


0.029 


iS-SO 


+ .09 


0.028 


iS-37 


+.07 


0.016 


15-38 


+ .04 


0.017 


14.76 


+ .06 


0.012 


iS-36 


+ .04 


2 


0.058 


IS.S9 


+ .08 


0.055 


iS-44 


+.08 


0.031 


15.42 


+ .06 


0.035 


14.82 


+ .07 


0.025 


15.40 


+ .10 


3 


0.087 


iS-67 


+ .07 


0.083 


IS-S2 


+.07 


0.047 


15.48 


+ .09 


0.052 


14.89 


+ .09 


0.037 


iS-So 


+ .10 


4 


0.115 


iS-74 


+ .06 


O.IIO 


IS.S9 


+.07 


0.063 


15-57 


+ .07 


0.070 


14.98 


+ .06 


0.050 


15.60 


+ .07 


5 


0.144 


15-80 


+ .06 


0.138 


15.66 


+.06 


0.079 


15-64 


+ .07 


0.087 


15.04 


+ .07 


0.062 


iS-67 


+ .08 


6 


0.173 


15-86 


+ .07 


0.166 


IS-72 


+.05 


0.094 


15-71 


+ .07 


0.105 


15. II 


+ .08 


0.075 


IS.7S 


+ .06 


7 


0.202 


iS-93 


+ .06 


0.193 


iS-77 


+.06 


O.IIO 


15-78 


+ .06 


0.122 


IS-I9 


+ .05 


0.087 


15-81 


+ .04 


8 


0.231 


iS-99 


+ .06 


0.221 


iS-83 


+.05 


0.126 


15-84 


+ .06 


0.139 


iS-24 


+ .03 


O.IOO 


1S-8S 


+ .04 


9 


0.260 


16.05 


+ .06 


0.248 


15-88 


+.05 


0.142 


15-90 


+ .05 


0.157 


iS-27 


+ .02 


O.II2 


15.89 


+ .04 


lO 


0.289 


16.11 


+ .06 


0.276 


IS-93 


+.05 


0.157 


15-95 


+ .05 


0.174 


iS-29 


+ .01 


0.124 


IS-93 


+ .02 


II 


0.317 


16.17 


+ .05 


0.304 


15.98 


+ .02 


0.173 


16.00 


+ .05 


0.192 


IS-30 


+ .01 


0.137 


IS-9S 


+ .02 


12 


0.346 


16.22 


+ .05 


0.331 


16.00 


+.01 


0.189 


16.05 


+ .05 


0.209 


1S-31 


+ .01 


0.149 


iS-97 


+ .01 


13 


0.37s 


16.27 


+ .03 


0.3S9 


16.01 


+ .01 


0.205 


16.10 


+ .04 


0.226 


IS-32 


+ .01 


0.162 


15.98 


+ .01 


14 


0.404 


16.30 


+ .02 


0.386 


16.02 


+ .01 


0.220 


16.14 


+ .03 


0.244 


IS-33 


+ .01 


0.174 


iS-99 


+ .01 


15 


0.433 


16.32 


.00 


0.414 


16.03 


.00 


0.236 


16.17 


.00 


0.261 


iS-34 


+ .01 


0.187 


16.00 


.00 


i6 


0.462 


16.32 


.00 


0.442 


16.03 


+ .01 


0.252 


16.17 


— .04 


0.279 


IS-3S 


.00 


0.199 


16.00 


.00 


17 


0.491 


16.32 


— .01 


0.469 


16.04 


.00 


0.268 


16.13 


— .11 


0.296 


IS-3S 


.00 


0.2II 


16.00 


-03 


i8 


0.519 


16.31 


.00 


0.497 


16.04 


— .01 


0.283 


16.02 


— .12 


0.314 


IS-3S 


.00 


0.224 


IS-97 


-.09 


19 


0.548 


16.31 


— .02 


0.524 


16.03 


--I3 


0.299 


15.90 


-.14 


0.331 


IS-3S 


— .01 


0.236 


15-88 


— .10 


20 


0.577 


16.29 


--34 


0.5S2 


iS-90 


--33 


0.3 IS 


15-76 


— .10 


0.348 


IS-34 


-.03 


0.249 


iS-78 


-.18 


21 


0.606 


IS-9S 


— .40 


0.580 


IS-S7 


-.23 


0.331 


15-66 


— .10 


0.366 


1S-31 


— .11 


0.261 


15.60 


-IS 


22 


0.635 


^S'SS 


-•13 


0.607 


IS -34 


— .02 


0.346 


15-56 


— .11 


0.383 


15.20 


— .40 


0.274 


IS-4S 


— .08 


23 


0.664 


IS-42 


.00 


0.635 


iS-32 


+ .01 


0.362 


15-45 


— .10 


0.401 


14.80 


--OS 


0.286 


IS-37 


— .02 
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Part 


Phaie 


Magn. 


A 


Phase 


Magn. 


A 


Phaie 


Magn. 


A 


Phase 


Magn. 


A 


Phaie 


Magn. 


A 




No. SI 


No. 52 


No. 53 


No. 54 


No. 55 




d. 






d. 






d. 






d. 






d. 






O 


O.OOO 


15-51 


+ .03 


0.000 


15-12 


+ .08 


0.000 


15.28 


+ .01 


0.000 


15.58 


+ .01 


0.000 


15.49 


+ .04 


I 


0.017 


15-54 


+ .04 


0.024 


15.20 


+ .12 


0.017 


15.29 


+ .03 


0.017 


15.59 


+ .01 


0.030 


15.53 


+ .07 


2 


0-033 


15.58 


+ .05 


0.048 


15-32 


+ -I7 


0.035 


15-32 


+ .03 


0.033 


15-60 


+ .02 


0.060 


15.60 


+ .07 


3 


0.050 


15.63 


+ .05 


0.072 


15.49 


+ -I5 


0.052 


15.35 


+ .05 


0.050 


15.62 


+ .02 


0.090 


15.67 


+ .07 


4 


0.066 


15.68 


+ .05 


0.096 


15.64 


+ .12 


0.069 


15.40 


+ .07 


0.066 


15.64 


+ .04 


0.120 


15.74 


+ .07 


5 


0.083 


15-73 


+ .05 


0.120 


15-76 


+ .08 


0.086 


15.47 


+ .10 


0.083 


15-68 


+ .04 


0.150 


15.81 


+ .08 


6 


0.099 


15.78 


+ .04 


0.144 


15.84 


+ .08 


0.104 


15.57 


+ .08 


O.IOO 


15-72 


+ .05 


0.180 


15.89 +.08 1 


7 


O.I16 


15-82 


+ .05 


0.168 


15.92 


+ .07 


O.I2I 


15.65 


+ .06 


0.II6 


15-77 


+ .05 


0.210 


15.97 


+ .06 


8 


0.133 


15-87 


+ .03 


0.192 


15.99 


+ .05 


0.138 


15.71 


+ .05 


0.133 


15-82 


+ .06 


0.240 


16.03 


+ .05 


9 


0.149 


15.90 


+ .03 


0.216 


16.04 


+ .04 


0.155 


15.76 


+ .05 


0.149 


15.88 


+ .07 


0.270 


16.08 


+ .05 


lO 


0.166 


15-93 


+ .04 


0.240 


16.08 


+ .04 


0.173 


15.81 


+ .03 


0.166 


15-95 


+ .06 


0.300 


16.13 


+ .04 


II 


0.182 


15-97 


+ .03 


0.264 


16.12 


+ .03 


0.190 


15.84 


+ .03 


0.183 


16.01 


+ .04 


0.330 


16.17 


+ .04 


12 


0.199 


16.00 


+ .02 


0.288 


16.15 


+ .03 


0.207 


15.87 


+ .02 


0.199 


16.05 


+ .05 


0.360 


16.21 


+ .03 


13 


0.215 


16.02 


+ .01 


0.312 


16.18 


+ .01 


0.224 


15.89 


+ .01 


0.216 


16.10 


+ .01 


0.390 


16.24 


+ .03 


14 


0.232 


16.03 


.00 


0.336 


16.19 


+ .01 


0.242 


15.90 


+ .01 


0.232 


16.II 


+ .01 


0.420 


16.27 


+ .01 


15 


0.249 


16.03 


.00 


0.360 


16.20 


+ .01 


0.259 


15.91 


.00 


0.249 


16.12 


+.01 


0.450 


16.28 


+ .01 


i6 


0.265 


16.03 


-.04 


0.384 


16.21 


+ .01 


0.276 


15.91 


— .02 


0.266 


16.13 


— .01 


0.480 


16.29 


+ .01 


17 


0.282 


15-99^ 


-.09 


0.408 


16.22 


+ .01 


0.293 


15.89 


— .04 


0.282 


16.12 


-.03 


0.510 


16.30 


.00 


i8 


0.298 


15.90 


-.17 


0.432 


16.23 


+ .01 


O.3II 


15.85 


— .09 


0.299 


16.09 


— .10 


0.540 


16.30 


.00 


19 


0.315 


15-73 


— .12 


0.456 


16.24 


.00 


0.328 


15.76 


-.13 


0.315 


15.99 


-.19 


0.570 


16.30 


— .01 


20 


0.331 


15.61 


-.05 


0.480 


16.24 


.00 


0.345 


15.63 


-.16 


0.332 


15.80 


— .11 


0.600 


16.29 


— .04 


21 


0.348 


15-56 


-.03 


0.504 


16.24 


-.54 


0.362 


15.47 


— .11 


0.349 


15.69 


— .06 


0.630 


16.25 


-.30 


22 


0.365 


15.53 


— .02 


0.528 


15-70 


--57 


0.380 


15.36 


-.07 


0.365 


15.63 


-.03 


0.660 


15-95 


--45 


23 


0.381 


15-51 


.00 


0.552 


15.13 


— .01 


0.397 


15.29 


— .01 


0.382 


15.60 


— .02 


0.690 


15-50 


— .01 




No. 56 


No. 57 


No. 58 


No. 60 


No. 61 


O 


d. 
0.000 


15.19 


+ .04 


d. 
0.000 


15.26 


+ .06 


d. 
0.000 


15.64 


+ .04 


d. 
0.000 


15.29 


+ .01 


d. 
0.000 


15.43 


+ .03 


I 


0.024 


15-23 


+ .05 


0.015 


15.32 


+ .06 


0.018 


15.68 


+ .04 


0.029 


15.30 


+ .04 


0.025 


15.46 


+ .07 


2 


0.048 


15-28 


+ .11 


0.029 


16.38 


+ .06 


0.035 


15.72 


+ .05 


0.058 


15.34 


+ .06 


0.051 


15-53 


+ .09 


3 


0.071 


15-39 


+ -I3 


0.044 


16.44 


+ .07 


0.053 


15.77 


+ .05 


0.086 


15.40 


+ .07 


0.076 


15.62 


+ .09 


4 


0.095 


15-52 


+ .15 


0.058 


16.51 


+ .07 


0.070 


15.82 


+ .05 


O.II5 


15.47 


+ .07 


0.102 


15-71 


+ .09 


5 


O.II9 


15-67 


+ -I3 


0.073 


16.58 


+ .06 


0.088 


15.87 


+ .06 


0.144 


15.54 


+ .09 


0.127 


15-80 


+ .09 


6 


0.143 


15.80 


+ .11 


0.087 


16.64 


+ .07 


0.105 


15.93 


+ .07 


0.173 


15.63 


+ .10 


O.IS3 


15.89 


+ .08 


7 


0.166 


15.91 


+ .06 


0.102 


16.71 


+ .06 


0.123 


16.00 


+ .07 


0.202 


15.73 


+ .09 


0.178 


15-97 


+ .06 


8 


0.190 


15-97 


+ .05 


O.II6 


16.77 


+ .05 


0.140 


16.07 


+ .06 


0.231 


15.82 


+ .06 


0.203 


16.03 


+ .06 


9 


0.214 


16.02 


+ -03 


O.I3I 


16.82 


+.04 


0.158 


16.13 


+ .05 


0.259 


15.88 


+ .03 


0.229 


16.09 


+ .02 


lO 


0.238 


16.05 


+ .01 


0.145 


16.86 


+ .04 


0.175 


16.18 


+ .03 


0.288 


15.91 


+ .03 


0.254 


16.11 


+ .02 


II 


0.261 


16.06 


+ .01 


0.160 


16.90 


+ .03 


0.193 


16.21 


+ .03 


0.317 


15-94 


+ .03 


0.280 


16.13 


+ .01 
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Pftit 


Phaie 


Magn. 


A 


Phaie 


ICagii. 


A 


Phase 


Magn. 


A 


Phase 


Magn. 


A 


Phase 


Magn. 


A 




No. 56 


No. 57 


No. 58 


No. 60 


No. 61 


12 


d, 
0.285 


16.07 


+ .01 


d. 
0.174 


16.93 


+ .01 


d. 
0.210 


16.24 


+ .03 


d. 
0.346 


15.97 


+ .02 


d. 
0.305 


16.14 


+ .01 


13 


0.309 


16.08 


+ .01 


0.189 


16.94 


+ .02 


0.228 


16.27 


+ .02 


0.375 


15.99 


+ .01 


0.331 


16.15 


+ .01 


14 


0.333 


16.09 


+ .01 


0.204 


16.96 


— .02 


0.245 


16.29 


+ .02 


0.404 


16.00 


.00 


0.356 


16.16 


.00 


15 


0.356 


16.10 


+ .01 


0.218 


16.94 


-.08 


0.263 


16.31 


+ .01 


0.432 


16.00 


.00 


0.381 


16.16 


.00 


16 


0.380 


16.II 


.00 


0.233 


16.86 


— .10 


0.280 


16.32 


.00 


0.461 


16.00 


.00 


0.407 


16.16 


.00 


17 


0.404 


16.II 


.00 


0.247 


16.76 


-.13 


0.298 


16.32 


-.08 


0.490 


16.00 


.00 


0.432 


16.16 


.00 


18 


0.428 


16.II 


— .01 


0.262 


16.63 


-.09 


0.315 


16.24 


— .11 


0.519 


16.00 


.00 


0.458 


16.16 


.00 


19 


0.451 


16.10 


— .02 


0.276 


16.54 


-.09 


0.333 


16.13 


-.16 


0.548 


16.00 


— .01 


0.483 


16.16 


-.08 


20 


0.47s 


16.08 


— .20 


0.291 


16.45 


-.07 


0.350 


15.97 


-.19 


0.577 


15.99 


-.25 


0.509 


16.08 


-.43 


21 


0.499 


16.88 


-.45 


0.305 


16.38 


-.05 


0.368 


15.78 


— .12 


0.605 


15.74 


-.36 


0.534 


15.65 


-.15 


22 


0.523 


16.43 


— .20 


0.320 


16.33 


-.04 


0.385 


15.66 


— .02 


0.634 


15.38 


-.08 


0.559 


15.50 


— .06 


23 


0.546 


16.23 


— .04 


0.334 


16.29 


-.03 


0.403 


15.64 


.00 


0.663 


15.30 


— .01 


0.585 


15.44 


— .01 




No. 62 


No. 63 


No. 64 


No. 65 


No. 66 





d. 
0.000 


15.66 


+ .02 


d. 
0.000 


15.54 


+ .02 


d. 
0.000 


15.61 


+ .02 


d. 
0.000 


15.43 


+ .07 


d. 
0.000 


15.41 


+ .01 


I 


0.016 


1568 


+ .04 


0.028 


15.56 


+ .05 


0.015 


15.63 


+ .03 


0.032 


15.50 


+ .07 


0.016 


15.42 


+ .03 


2 


0.032 


1572 


+ .04 


0.056 


15.61 


+ .05 


0.029 


15.66 


+ .04 


0.063 


15.57 


+ .07 


0.032 


15.45 


+ .05 


3 


0.049 


15.76 


+ .05 


0.084 


15.66 


+ .07 


0.044 


15.70 


+ .04 


0.094 


15.64 


+ .07 


0.047 


15.50 


+ .05 


4 


0.065 


15.81 


+ .07 


0.112 


15.73 


+ .10 


0.059 


15.74 


+ .05 


0.126 


15.71 


+ .07 


0.063 


15.55 


+ .05 


S 


0.081 


15.88 


+ .06 


0.140 


15.83 


+ .10 


0.073 


15.79 


+ .05 


0.158 


15.78 


+ .06 


0.079 


15.60 


+ .06 


6 


0.097 


15.94 


+ .09 


0.168 


15.93 


+ .08 


0.088 


15.84 


+ .05 


0.189 


15.84 


+ .06 


0.095 


15.66 


+ .09 


7 


O.II3 


16.03 


+ .08 


0.196 


16.01 


+ .08 


0.103 


15.89 


+ .05 


0.220 


15.90 


+ .05 


O.III 


15.75 


+ .08 


8 


0.129 


16.II 


+ .05 


0.225 


16.09 


+ .06 


O.II7 


15.94 


+ .06 


0.252 


15.95 


+ .04 


0.127 


15.83 


+ .09 


9 


0.146 


16.16 


+ .05 


0.253 


16.15 


+ .06 


0.132 


16.00 


+ .05 


0.284 


15.99 


+ .05 


0.142 


15.92 


+ .07 


10 


0.162 


16.21 


+ .02 


0.281 


16.21 


+ .06 


0.146 


16.05 


+ .05 


0.315 


16.04 


+ .04 


0.158 


15.99 


+ .07 


II 


0.178 


16.23 


+*02 


0.309 


16.27 


+ .04 


O.161 


16.10 


+ .04 


0.346 


16.08 


+ .04 


0.174 


16.06 


+ .03 


12 


0.194 


16.25 


+ .01 


0.337 


16.31 


+ .03 


0.176 


16.14 


+ .05 


0.378 


16.12 


+ .03 


0.190 


16.09 


+ .01 


13 


0.210 


16.26 


.00 


0.365 


16.34 


+ .04 


0.190 


16.19 


+ .03 


0.410 


16.15 


+ .01 


0.206 


16.10 


.00 


14 


0.226 


16.26 


— .01 


0.393 


16.38 


+ .03 


0.205 


16.22 


+ .01 


0.441 


16.16 


+ .01 


0.221 


16.10 


— .02 


IS 


0.243 


16.25 


— .01 


0.421 


16.41 


+ .02 


0.220 


16.23 


+ .01 


0.472 


16.17 


+ .01 


0.237 


16.08 


— .02 


16 


0.259 


16.24 


— .04 


0.449 


16.43 


+ .01 


0.234 


16.24 


— .01 


0.504 


16.18 


.00 


0.253 


16.06 


— .06 


17 


0,275 


16.20 


-.13 


0.477 


16.44 


.00 


0.249 


16.23 


-.08 


0.536 


16.18 


.00 


0.269 


16.00 


-.08 


18 


0.291 


16.07 


-.25 


0.505 


16.44 


— .01 


0.264 


16.15 


— .10 


0.567 


16.18 


— .01 


0.285 


15.92 


-.13 


19 


0.307 


15.82 


— .12 


0.533 


16.43 


— .11 


0.278 


16.05 


-.17 


0.598 


16.17 


— .09 


0.301 


15.79 


— .12 


20 


0.323 


15-70 


-.05 


0.561 


16.32 


— .22 


0.293 


15.88 


-.14 


0.630 


16.08 


-.35 


0.316 


15.67 


-.13 


21 


0.340 


15.65 


.00 


0.589 


16.10 


-.32 


0.308 


15.74 


-.07 


0.662 


16.73 


— .21 


0.332 


15.54 


-.07 


22 


0-356 


15.65 


.00 


0.618 


15.78 


-.18 


0.322 


15.67 


-.05 


0.693 


16.52 


-.08 


0.348 


15.47 


-.05 


23 


0.372 


15.65 


+ .01 


0.646 


15.60 


— .06 


0.337 


15.62 


— .01 


0.724 


16.44 


— .01 


0.364 


15.42 


— .01 
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represent the mean magnitudes from the measures of L and W on the individual 
plates. For these illustrations, especially favorable stars were chosen, in order that 
the true Hght curves might be clearly indicated. They probably represent well the 
different varieties of variables foimd in this cluster. It was shown in Part 2 of this 
volmne that the light ciurves of the eight stars of very short periods, or of double 
maxima, might be obtained by the union of two variables of the ordinary cluster 
type. In Messier 5 the mean period of one group was about one half that of the 
other group. In Messier 15, while the mean period of the group having short 
periods is more than half that of the second group, varioxis stars of the first group 
may be compared with individual variables of the second group having double the 
period. The line of argiunent, therefore, used in Part 2, to account for the variables 
of very short period, is not inapplicable to the corresponding stars in Messier 15. 
Also, it may not be without significance that the period of Variable No. i is about 
double that of some of the variables in the second group. 

The number of variables of periods of diflferent lengths is shown graphically in 
Fig. 6. Of the 61 stars whose periods have been determined, i has a period of o*'.30, 
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Fio. 6. 

expressed to the nearest himdredth of a day, i of o^'.si, o of 0*^.32 and 0*^.33, i of 
0^.34, 3 of 0^.35, I of 0^.36 and 0^.37, 8 of o*'.38, 3 of o*'.39, 4 of 0^.40, 3 of o*'.4i, 
2 of o*'.42, o of o*'.43, and i of o*'.44. No star was foimd having a period between 
0*^.45 and o*'.s6. The two groups are thus distinctly separated. The second group 
begins abruptly with 5 stars of o^.$7. There are 2 of o^'.sS, i of cf^.$g and c/'.6o, 2 
of o*'.6i and o*'.62, i of o*'.63, o of o*'.64, i of o*'.65, 3 of o*'.66, 5 of o*'.67, o of 
0*^.68, 3 of 0*^.69, I of 0*^.70, o of o*'.7i, 3 of o*'.72, o of o*'.73, o*'.74, and o*'.7S, and 
I of o*'.76. No. I has a period of i*'.44. 

The relation of the length of the period to the other elements is shown in Table 
XLVn. For this purpose, the 61 variables, whose periods have been determined, 
were arranged in twelve groups, each of 5 stars, omitting No. i. For the compari- 
son of magnitudes. No. 49 has also been omitted, as it is exceptionally bright. 
Successive columns in the table give the nimiber of the group, the mean period 
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TABLE XLVII 



RELATION OF PERIOD TO OTHER ELEMENTS 



No. 
Group 


Mean 
Period 


Mean 
Distance 


Mean 
Maximum 


Mean 
Minimum 


Mean of 
Max. and Min. 


Range 


Increase 


Decrease 


I 
2 

3 
4 
5 

6 

7 
8 

9 
10 

II 

12 


d. 

0.331 
0.367 

0.380 

0.390 

0.402 

0.451 

0.573 
0.598 

0.638 

0.665 

0.685 

0.723 


2.4 

2-3 

2-9 
2.6 

3-8 

2-3 

2.9 
2.6 
2.2 

2-5 

3-1 

2-4 


15-35 
15.40 

15.42 

15.43 
15.42 

15.43 
15.08 

15.24 

15.18 

15.23 

15.38 
15.30 


16.06 
16.13 
16.08 
16.09 
16.00 
16.10 
16.14 
16.II 
16.14 
16.04 
16.18 
16.13 


15-71 
15-76 

15-75 
15-76 

15-71 
15-76 
15.61 

15-68 
15.66 

15-63 
15-78 
15-72 


0.70 

0.73 
0.66 

0.66 

0.59 
0.66 

1.06 

0.87 

0.96 

0.80 

0.79 

0.84 


0.6 
0.6 
0.4 
0.6 

0.5 
0.6 

1.2 

1.2 

I.I 

0.8 

0.6 

0.8 


0.26 
0.22 
0.20 
0.16 
0.16 
0.16 
0.26 
0.16 
0.18 
0.16 
0.12 
O.IO 


Means 

... 


0.517 


2.7 


15.32 


16.10 


15-71 


0.78 


0.8 


0.18 



expressed to thousandths of a day of the five stars composing it, the mean distance 
from the centre of the cluster, expressed in minutes of arc, the mean maximum 

magnitude, the mean minimum magnitude, the 
mean of the maximum and minimum magnitudes, 
the mean range, the mean maximum rate of in- 
crease in light, and the mean maximum rate of 
decrease in Ught. These quantities are all derived 
from Table XLV. The results are shown graphi- 
cally in Fig. 7. From an inspection of the table 
and diagram, it appears that the length of the 
period has little, if any, relation to the distance 
from the centre. The mean magnitude, also, is 
remarkably uniform for all the groups, but there 
is a fairly well marked increase in the maximum 
brightness of stars having periods greater than 
half a day. A still further increase in the period, 
however, appears to be accompanied by a decrease 
in magnitude. This is apparently due in large 
part to changes in the maximum magnitude, as 
Fic. 7. the minimum magnitude shows a fairly uniform. 




VARIABLE STARS IN THE CLUSTER MESSIER 1$ 



247 



though slight, decrease as the length of period mcreases. The combmation of the two 
is better shown m the range. The curve showmg the maximum rate of mcrease m Ught 
follows closely in general form the curves of the maximum magnitude and range, while 
the rate of decrease shows Uttle, if any, variation. With the exception of Nos. i and 
49, the uniformity of the mean magnitudes is remarkable. The mean magnitude of the 
remaining 59 variables is 15.71. The largest deviation of an individual star from this 
mean is that of No. 63, which is +0.28 magn., the largest negative residual being —0.23 
magn. The extreme difference between the brightest and faintest variable is thus 0,51 
magn. The average deviation from the mean is ±0.08 magn. Even this small range 
in magnitude appears to vary systematically with the distance from the centre of the 
cluster. Of the eight stars whose magnitudes give residuals of +0.10, or greater, none 
is distant more than 1^.5 from the centre, the mean distance being I'.i. Of the ten 
stars, whose residuals are — o.io, or more, none is nearer than 2^.0, the mean distance 
being 4',o. Arranging these 59 variables in 12 groups of 5 variables each, according 
to distance from the centre, we obtain the results given in Table XLVIJI. The last 

TABLE XLVIII 
RELATION BETWEEN MAGNITUDE AND DISTANCE 



Group 


Mean 
Distance 


Maximum 
Magnitude 


Minimum 
Magnitude 


Mean 
Magnitude 


Group 


Mean 
Disunce 


Maximum 
Magnitude 


Minimum 
Magnitude 


Mean 
Magnitude 


I 


1 
0.9 


15-52 


16.23 


15-87 


7 


2.4 


15-26 


16.04 


15-65 


2 


I.I 


15.38 


16.22 


15-80 


8 


2.8 


15-31 


16.07 


15.69 


3 


1-3 


15-35 


16.17 


15-76 


9 


3-1 


15.19 


16.08 


15.64 


4 


i-S 


15-35 


16.14 


15-75 


ID 


3-9 


15-32 


16.05 


15-68 


5 


1.9 


15-35 


16.06 


15-71 


II 


4-9 


15-19 


16.03 


15-61 


6 


2.2 


15-37 


16.06 


15-72 


12 


7-2 


15-24 


16.01 


15.62 . 



group is the mean of 4 stars. The first column gives the number of the group. No. 
I containing the 5 variables nearest the centre. The second column gives the cor- 
responding mean distance, and the third, fourth, and fifth colunms, the maximum, 
the minimum, and the mean magnitudes. A graphical representation of these results 
is shown in Fig. 8. The extreme range indicated by the table and diagram is from 
two to three tenths of a magnitude. 

The necessity for a correction to photographic magnitudes, dependent on distance 
from the centre of the plate, is well known. Since the centre of the cluster is in 
general near the centre of the plate, the suspicion naturally arises that the change of 
magnitude shown in Table XLVIII might be due to this cause. The curves given 
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in Fig. 8, however, are distinctly different in form from those derived by Miss 
Leavitt, Professor Scares, and other investigators for the correction depending on 
distance from the centre. See H.A. 71, 124, and Plate 3, Figs. 2 and 3; also Con- 
tributions from the Mount Wilson Solar Observatory, No. 80. The change in bright- 
ness in Messier 15 appears to be rapid near the centre, while at greater distances 
the magnitude becomes nearly or quite imiform. 

Shapley has encountered uncertainties in the magnitudes of stars near the centres 
of globular clusters. He attributes this, in part at least, to the fact pointed out by 

Eberhard, that the intensity of photographic images 
is affected by the density of the adjacent parts of the 
plate. See Physikalische Zeitschrif t, 13, 288, 191 2. In 
the Hercules Cluster, Messier 13, Shapley found an 
apparent increase in the value of the color index 
near the centre, the mean value for stars at greater 
distance than 2' being +0.55, and of those toward 
the centre, +1.3. This he ascribes to the Eberhard 
effect. In spite of this, and various other uncer- 
tainties, he concludes " that the brighter stars are 
slightly more concentrated toward the centre than 
the fainter ones." See Contributions from the Mount 
Wilson Solar Observatory, No. 1 16. The opposite con- 
dition appears to be true for the variables in Messier 
15. If the central stars were in reality redder than 
those at greater distances, this fact would be apparent from the relative faintness 
of their photographic magnitudes, more or less as they are found to be in Table 
XLVIII. Advance sheets, however, of an article by Shapley give the color indices 
for 39 of the variables in Messier 15, an examination of which shows small, if any, 
increase in color toward the centre. The problem is further complicated by the study 
of other clusters. A similar grouping of the variables according to distance from 
the centre has been made for the clusters co Centauri, Messier 3, and Messier 5. In 
Messier 5 no change in magnitude dependent on distance is apparent, while in co Cen- 
tauri and Messier 3 a decrease in brightness with increasing distance is indicated. 
It may be that in Messier 15 the fainter variables are really nearer the centre, while 
in other clusters a different arrangement prevails. 

In H. C. 173, Miss Leavitt announced the important discovery that for the 25 
variables in the Small Magellanic Cloud, whose periods had at that time been found, 
a definite relation existed between the magnitudes and the length of the periods. 
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The law is expressed by the statement that the logarithm of the period increases by 
about 0.48 for each increase of one magnitude in brightness. The range in length of 
period in the stars under discussion was from 1^.25 to i27''.o, the corresponding 
mean magnitudes being 15.45 and 11.65. ^^ ^^^^ range in periods or magnitudes is 
found among the ordinary cluster variables. Nevertheless, it may be worth while to 
test the universaUty of this law by such data as exist in the globular clusters. The 
variables in coCentauri were divided into three subclasses, a, b, and c, whose mean 
periods are, respectively, o''.59, 0^.75, and o''.39. The corresponding mean magnitudes 
are 13.55, i3-54> 3,nd 13.61. H. A 38, 208. In Messier 3, the no variables whose 
periods were determined appear to belong to the same subclass, the periods ranging 
between 0^.4 and o'^.y. When grouped according to length of period these variables 
show a decrease in maximum magnitude with increase in the length of period. See 
page 87. Also Fig. 4, Plate. 2. In Messier 5, eight stars were found whose periods, 
when derived from successive maxima, were about one-half as long as those of the re- 
maining variables. The mean period in one case was 0^.271, and in the other, 0^.547. 
The corresponding mean magnitudes are 14.98 and 14.95. ^^ Messier 15, omitting 
Vars. I and 49, 28 variables have periods between o''.30 and o''.44, and 31 variables 
between o''.57 and o''.76, the mean periods of the two groups being o''.379 ando''.644. 
The corresponding mean magnitudes are 15.74 and 15.66. Var. No. i is considered 
below. No. 49 is nearly three-quarters of a magnitude brighter than the mean 
magnitude of the other variables, while its period is much less than the mean. 
Such a case might occur from the presence of a fairly bright companion too close to 
be separated from the variable. From the above statements it is evident that Miss 
Leavitt's law is not applicable to the small differences in the length of period which 
occur m the different groups of cluster variables. The differences in brightness, 
which according to the law would in many cases amount to half a magnitude, or 
more, do not exist. On the contrary, the uniformity of the mean magnitudes of all 
the ordinary variables in a given cluster is a striking feature. There are, however, 
a few exceptional variables in the above clusters, whose periods are much longer than 
those of the others. The light curves of some of these are similar in form to those 
of the ordinary cluster variables, so that they may be unusual examples of the 
Cepheid type. Such stars have been brought together in the following table. In 
each case they have been compared with the mean magnitude and period of the 
great mass of variables in the same cluster. The first column in Table XLIX gives 
the name of the cluster, and the second and third columns, the mean magnitude 
and period of the vs^riables in the cluster. The foiu-th column contains the nxmiber 
of the variable imder consideration, and the fifth and sixth colunms, the correspond- 
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ing magnitude and period, expressed in hours. The seventh column gives the period 
which would result by the application of Miss Leavitt's law, and the eighth, the 
difference, observed minus computed. The ninth and tenth colunms give the corre- 
sponding logarithms. The law would be satisfied by a different magnitude as well 
as by a change in the period, and the eleventh column gives the difference between 
the observed magnitude and that required to satisfy the law m connection witii tiie 

TABLE XLIX 

RELATION BETWEEN MAGNITUDE AND PERIOD 



Cluster 


Mean 


Mean 
Period 

An 


Variable 


Magn. 
Variable 





C 


O-C 


Log.Ob6'd 


Log. 

Comp'd 

Per. Law 


Magn. 
Corr. 






h. 






h. 


k. 


h. 








ci) Cent. 


13-57 


13.2 


No. 1 


10.95 


704. 


239. 


+ 465. 


2.848 


2.378 


— 0.98 


u 


« 


u 


" 29 


11.94 


354. 


80. 


+ 274. 


2.549 


1.903 


-1-35 


a 


U 


a 


« 60 


12.74 


32.5 


33.0 


- o.s 


I.512 


I.519 


+ 0.01 


Messier 5 


14.96 


131 


" 42 


11.72 


618. 


470. 


+ 148. 


2.791 


2.672 


-0.25 


u 


a 


a 


" SO 


13.60 


2544. 


59. 


+ 2485. 


3.406 


1.770 


-3-41 


a 


u 


u 


" 84 


12.08 


636. 


31^- 


+ 320. 


2.803 


2.500 


— 0.63 


Messier 15 


15-71 


12.4 


« I 


14.95 


34.5 


28.7 


+ 5.8 


1.538 


1.458 


— 0.17 



observed period. An examination of the table shows in general a tendency to follow 
the law, but in most cases with large deviations. No. 60, in « Centauri, No. 42, in 
Messier 5, and No. i, in Messier 15, follow it closely. No. 50, in Messier 5, is the 
most discordant. Witii one exception, the real period is longer, or the magnitude 
fainter, than the law would indicate. A moderate increase of the magnitude of No. 
84, in Messier 5, would render it accordant. Owing to doubt as to the real nature of 
these special variables, and to other uncertainties, more definite conclusions from 
these data cannot be safely made at the present time. 



DESCRIPTION OF PLATE i. 

The Cluster Messier 15. This chart is reproduced from a plate, 3432, made on Moimt Wilson, 
September 6, 1916, with the 60-inch Reflector, and loaned by Dr. Shapley. The exposure was 
9*. The scale is 5' = o.i cm. All the variables and comparison stars are shown with the excep- 
tion of b4, which is too distant. 
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